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EXECUTIVE  SUMMARY 


ES  1.  INTRODUCTION 

The  Defense  Communications  System  (DCS)  was  originally  conceived  as 
a  "strategic"  communications  system  designed  and  installed  to  provide  DOD 
long-haul  communications.  "Tactical"  systems  were  considered  to  be  those 
systems,  usually  mobile,  used  to  support  air,  ground,  and  naval  tactical 
operations.  Subsequent  events  have  shown  a  narrowing  of  this  separation  and 
a  need  for  the  interoperability  of  the  so  called  tactical  and  strategic  communi¬ 
cations  systems.  Not  only  have  events  such  as  the  Vietnam  war  shown  that 
there  is  a  need  for  interoperability  of  the  DCS  and  tactical  systems,  but  also 
catastrophic  events,  such  as  destruction  by  fire  of  a  DCS  repeater  station, 
indicate  that  tactical  equipment  could,  if  it  were  interoperable,  be  deployed  to 
reconstitute  the  damaged  DCS  in  appreciably  less  time  than  fixed  assets  could 
(even  if  available)  be  deployed  and  Installed. 

The  DCS  is  evolving  toward  a  digital  system  under  the  management 
control  of  the  Defense  Communications  Agency  (DCA).  Concurrently,  new 
tactical  communications  equipment  is  being  developed  by  the  Joint  Tactical 
Communications  Office,  which  is  also  digital  in  nature.  However,  the  philo¬ 
sophies  of  DCA  and  TRI-TAC  are  not  necessarily  the  same;  thus,  the  equip¬ 
ment  that  results  will  not  be  Interoperable  without  black  boxes  or  equipment 
modifications.  To  further  compound  the  problem,  the  U.  S.  Army  Satellite 
Communications  Agency  is  developing  tactical  satellite  terminals  which  will 
not  interoperate  with  TRI-TAC's  tactical  equipment.  Finally,  there  are  large 
numbers  of  old  DCS  and  tactical  equipment  presently  in  the  inventory  which 
will  probably  be  in  use  during  the  lifetime  of  DCS  II  (mid-1980s). 

Now,  there  is  the  JMTSS  which  is  lu  the  conceptual  stage.  Here,  we 
may  expect  a  system  of  both  old  and  new  integrated  DCS  and  tactical  communi¬ 
cations  equipment.  Problems  of  interoperation  of  DCS  and  tactical  equipment 
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will  abound  and  must  be  solved  if  JMTSS  is  to  become  viable.  Now  is  an 
appropriate  time  for  the  TRI-TAC  and  JMTSS  procurement  programs  to  be 
reviewed,  specifically  to  ensure  that  the  equipment  procured  will  be  inter¬ 
operable  with  the  DCS. 

ES  2.  PURPOSE 

The  purpose  of  this  report  is  to  develop  likely  configurations  of  inter¬ 
operation  of  DCS  II  and  the  tactical  access  area.  (Appendix  A  defines  the 
acronyms  used  in  this  report. )  Two  general  configurations  will  be  developed: 
first,  there  is  the  situation  wherein  tactical  networks  directly  access  the  DCS 
to  communicate  with  a  DCS  subscriber  and/or  to  interoperate  with  a  DCS 
switched  network  on  a  functionally  segregated  (access  area)  basis,  including 
DCS  connectivity  to  tactical  forces  via  satellite  communications.  This  situa¬ 
tion  will  be  referred  to  hereinafter  as  DCS-Tactical  Access. 

The  second  situation  is  one  in  which  DCS  and  tactical  assets  are  func¬ 
tionally  integrated  to  provide  one  system.  Tactical  assets  (switches,  trans¬ 
mission  subsystems,  user  devices,  etc.)  will  supplement,  extend,  and  recons¬ 
titute  the  DCS  and  vice  versa  during  crisis.  The  Vietnam  operation  was  the 
forerunner  of  such  situations,  and  the  JMTSS  is  the  current  conceptual 
development  of  future  situations.  This  situation  will  be  referred  to  herein¬ 
after  as  DCS-Tactical  Integrated. 

ES  3.  REPORT  ORGANIZATION 

Europe  will  serve  as  the  generic  basis  for  developing  DCS-tactical 
communication  interoperability  configurations.  However,  the  configurations 
are  equally  applicable  worldwide. 

This  report  will  address  interoperational  configurations  with  represent¬ 
ative  older  tactical  equipment,  and  new  DCS  and  TRI-TAC  equipment  with 
emphasis  on  the  TRI-TAC  equipment  as  the  tactical  assets  to  interoperate 
with  the  DCS.  Configurations  of  DCS-Tactical  Access  will  be  addressed  and 
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an  older  tactical  equipment  will  be  used  to  interface  with  DCS  II  (mid-1980s). 
Functional  services  such  as  signaling  and  preemption  will  be  addressed. 

The  same  procedure  will  be  followed  using  tactical  satellite  terminal  and 
then  TRI-TAC  equipment. 

Configurations  of  DCS-Tactical  Integrated  will  be  covered  in  the  same 
order  as  for  DCS-Tactical  Access,  again  emphasizing  transmission  equipment 
interfaces. 

Note  that  interoperational  situations  may  be  presented  in  this  report 
which  subsequent  detailed  investigations  will  show  are  not  practical.  Inclu¬ 
sion  of  such  situations  in  this  report  serves  only  to  indicate  that  there  could 
be  a  requirement  for  the  interoperation  of  the  subsystem  and/or  equipment 
as  shown. 

ES  4.  DCS-TACTICAL  ACCESS 

The  DCS-Tactical  Access  areas  are  summarized  as  follows: 

1.  Dedicated  Point-to-Point  Service 

2.  DCS  Switched  Service  Direct  to  Tactical  Subscribers 

3.  Interoperation  of  DCS  and  Tactical  Switched  Services. 

The  services  with  which  we  will  be  concerned  are: 

1.  Clear  Voice 

2.  Secure  Voice 

3.  Teletype 

4.  Data 

5.  Facsimile/Graphics 

6.  Imagery 

Some  technical  considerations  that  are  of  concern  are: 

1.  Bandwidth 

2.  Frequency  Response 


3.  Impedance 

4.  Signal  Level 

5.  Balanced  or  Unbalanced 

6.  Conditioning 

7.  2-wire  or  4- wire. 

Section  4  of  the  report  will  describe  the  interface  requirements  and 
the  figures  contained  therein  will  depict  typical  configurations  to  satisfy  the 
requirements.  Specific  parameters  will  not  be  given  because  of  the  multi¬ 
plicity  of  equipment  possibilities.  Also  many  have  not  been  specified  and  a 
partial  listing  is  available  in  DRAFT  MIL-STD-187-320. 

ES  5.  DCS  TACTICAL  INTEGRATED 

The  DCS  tactical  integrated  interoperability  requirements  are  sum¬ 
marized  as  follows: 

1.  DCS  extended  by  tactical  equipment  (one  interface) 

2.  DCS  extended  by  tactical  equipment  (two  interfaces) 

3.  Tactical  extended  by  DCS 

4.  DCS  switch  replaced  by  tactical  switch 

5.  Tactical  microwave  reconstituting  DCS  microwave 

6.  Tactical  equipment  positioning  to  replace  destroyed  DCS  site 

7.  Tactical  satellite  reconstituting  DCS  microwave 

8.  Tactical  TROPO  or  satellite  reconstituting  DCS  TROPO. 

Technical  considerations,  services  concerned,  typical  reconstitution 
packages  and  figures  depicting  typical  configurations  as  well  as  ir?  depth 
explanations  of  the  need  and  method  used  to  satisfy  these  interoperability 
requirements  are  contained  in  Section  5  of  the  report. 

ES  6.  CONCLUSIONS 

Section  6  of  this  report  describes  the  conclusions  reached  after  the 
presentation  of  the  various  interoperational  configurations.  Considerable 
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investigation  and  testing  will  be  required  to  ensure  that  TRI-TAC  and  JMTSS 
will  indeed  satisfy  the  interoperability  requirements. 


SECTION  1  -  IXTRQDUCT ION 


There  has  always  been  a  requirement  for  interoperation  of  DCS  and 
tactical  communication  equipment,  the  degree  of  which  has  been  dictated  by 
particular  operations  and  situations.  Problems  of  interoperation  are  not  new, 
whether  tactical  to  tactical,  DCS  to  DCS,  or  DCS  to  tactical.  The  situation  in 
Vietnam  was  a  case  in  point.  Here  the  solution  was  to  declare  most  of  the 
existing  communication  system  a  part  of  the  DCS,  under  the  operational  direc¬ 
tion  and  management  control  of  DCA.  This  action  improved  conditions,  but 
interoperation  problems  continued  because  of  the  inherent  design  features  of 
the  many  different  types  of  equipment  in  use. 

Now,  there  is  the  JMTSS  which  is  in  the  conceptual  stage.  Here,  we  may 
expect  a  system  of  integrated  DCS  and  tactical  communication  equipment,  both 
old  and  new.  Problems  of  interoperation  of  DCS  and  tactical  equipment  will 
abound  and  must  be  solved  if  JMTSS  is  to  become  viable. 

Prior  to  examining  the  various  systems,  it  is  necessary  to  define  inter¬ 
operability.  JCS  PUB  1  provides  the  following  definition: 

"Interoperability  -  the  ability  of  systems,  units  or  forces  to  provide 
services  to  and  accept  services  from  other  systems,  units  or  forces 
and  to  use  the  services  so  exchanged  to  enable  them  to  operate 
effectively  together. " 

Unfortunately,  this  definition  provides  only  limited  aspects  of  the  scope  of  inter¬ 
operability  as  applied  to  communications.  Interoperability  can  be  achieved  at 
various  levels  depending  upon  specific  needs.  DCS-tactical  system  interopera¬ 
bility  exists  today  in  varying  degrees  of  interconnectivity,  exchange,  and 
commonality  of  systems.  For  example,  interoperability  can  be: 

1.  Manually  assisted  interconnects. 

2.  Limited  automatic  interconnect  using  interface  boxes  for 
signaling  and  protocol  mode  conversion. 
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■  3.  Fully  automatic  interconnect  with  full  protocol,  signaling,  and 

|  numbering  plan  commonality. 

The  last  one,  while  most  difficult  to  achieve,  is  the  most  desirable,  since 
j  the  first  two  are  time  and  resource  sensitive.  However,  if  the  needs  for  inter¬ 

operability  are  not  specified  in  the  beginning,  then  modifications  or  interface 
boxes  become  necessary. 
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SECTION  2  -  PURPOSE 


Concepts  and  needs  for  DCS-tactical  communication  interoperation  are 
largely  unstated  today.  In  fact,  there  are  some  who  say  that  no  requirement 
exists.  Others  say  that  all  interoperation  will  take  place  through  a  few 
"gateways.  "  However,  if  JMTSS  is  to  become  a  reality,  and  it  must  if  for  no 
other  reason  than  for  economic  considerations,  then  likely  configurations  of 
interoperation  of  DCS  and  tactical  communications  must  be  identified,  features 
must  be  cataloged,  and  the  functional  services  that  will  be  provided  must  be 
addressed.  The  purpose  of  this  report  is  to  identify  and  discuss  these  areas. 

Tt  should  be  noted  that  in  a  reconstitution  configuration  it  is  not  the  intent 
nor  do  we  imply  total  reconstitution  but  only  restoral  of  service  within  the 
limits  of  capability  of  available  equipment. 
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SECTION  3  -  REPORT  ORGANIZATION 

Europe  will  serve  as  the  basis  for  developing  DCS-tactical  communication 
interoperability  configurations.  However,  the  configurations  are  equally  appli¬ 
cable  worldwide.  For  this  report,  it  is  assumed  that  the  European  DCS  is  con¬ 
figured  as  shown  in  Figure  1.  The  backbone  system  is  basically  digital,  and  is 
composed  of  FKV-DEB  I  and  DRAMA  equipment.  Satellite  communications 
and  leased  services  are  also  used  as  a  part  of  the  system.  Tails  are  primarily 
older  FDM/FM  equipment.  There  are  a  few  cases  of  older  equipment  being 
continued  in  backbone  use  such  as  in  the  United  Kingdom,  Spain,  and  Humosa 
to  Mt.  Limbara.  The  DCS-Tactical  Access  and  DCS-Tactical  Integrated 
situations  will  be  developed  using  the  European  DCS-1985  (shown  in  Figure  1) 
as  the  baseline.  However,  the  configurations  will  not  be  addressed  in  terms  of 
specific  geographical  locations. 

Although  the  Army  has  PCM  equipment  in  use,  much  of  the  present  tactical 
equipment  inventory  is  FDM/FM.  Usually,  interfaces  must  be  accomplished  at  the 
VF  level,  with  the  problems  basically  of  levels,  impedance,  and  signaling.  These 
problems  can  be  resolved.  If  data  must  be  transmitted  over  the  older  systems,  then 
D/A  conversion  must  occur  and  the  transmission  must  be  quasi-analog.  The  D/A 
conversion  could  take  place  either  at  the  DCS-tactical  equipment  interface  or  at  each 
terminating  end  of  the  circuit. 

In  any  event,  since  the  problems  with  older  equipment  are  basically  the 
same,  this  report  will  address  interoperational  configurations  only  with  a 
representative  older  tactical  equipment.  New  DCS  and  TRI-TAC  equipment 
will  be  covered.  As  stated  in  the  task  order,  TRI-TAC  equipment  will  be 
emphasized  as  the  tactical  assets  to  interoperate  with  the  DCS. 

Configurations  of  DCS-Tactical  Access  will  be  addressed,  and  a  repre¬ 
sentative  old  tactical  equipment  will  be  used  to  interface  with  DCS  II  (mid-1980's). 
The  features  of  the  configuration,  including  functional  services  (signaling. 


preemption,  etc.),  will  be  addressed.  The  same  procedure  will  be  followed 
using  tactical  satellite  terminals  and  then  TRI-TAC  equipment.  Emphasis  in 
this  preliminary  report  will  be  placed  on  transmission  equipment  interfaces. 

Configurations  of  DCS-Tactical  Integrated  will  be  covered  in  the  same 
order  as  for  DCS-Tactical  Access,  again  emphasizing  transmission  equipment 
interfaces. 

The  report  will  then  provide  conclusions.  Note  that  interope rational 
situations  may  be  presented  in  this  report  which  subsequent  detailed  investiga¬ 
tions  will  show  are  not  practical.  Inclusion  of  such  situations  in  this  report 
serves  only  to  indicate  that  there  could  be  a  requirement  for  the  interoperation 
of  the  subsystem  and/or  equipment  as  shown. 


SECTION  4  -  DCS-TACTICAL  ACCESS 


4.1  GENERAL 


The  general  situation  is  that  tactical  networks  need  to  access  the  DCS  in 
order  for  a  tactical  subscriber  to  communicate  with  a  DCS  subscriber  or  to 
interoperate  with  a  DCS  switched  network.  Additionally,  use  of  satellite  commu¬ 
nications  for  these  same  purposes  is  required. 


The  DCS-Tactical  Access  area  is  characterized  by  single  interfaces, 
whereas  there  may  be  more  than  one  interface  in  the  DCS-Tactical  Integrated 
area.  It  should  be  noted  that  the  DEB  network  is  designed  to  accommodate  VF 
and  digital  interface  at  all  sites. 


Likely  configurations  of  DCS-Tactical  Access  interoperations  are  sum¬ 
marized  below  and  discussed  in  detail  in  Paragraph  4.2. 


1.  A  subscriber  served  by  a  tactical  network  requires  dedicated 
service  to  a  subscriber  served  by  the  DCS.  Service  required 
could  be  clear  voice,  secure  voice,  teletype,  data,  facsimile/ 
graphics,  or  imagery.  The  requirement  might  be  for  a  simple 
point-to-point  circuit  or  for  a  complex  multipoint  circuit. 

Either  one  or  all  types  of  DCS  and  tactical  transmission  media 
could  be  involved.  Figure  2  depicts  this  interoperational 
configuration. 

SERVICE 
CLEAR  VOICE 
SECURE  VOICE 
TTY 
DATA 

FACSIMILE  GRAPHICS 
IMAGERY 

Figure  2.  Dedicated  Point-to-point  Service 
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2.  A  subscriber  served  by  a  tactical  network  requires  interoperation 
with  a  DCS  switched  network.  The  tactical  subscriber  is  not 
served  by  a  tactical  switch.  Service  required  could  be  clear  voice, 
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secure  voice,  teletype,  data,  facsimile/graphics,  or  imagery. 
Either  one  or  all  types  of  DCS  tactical  transmission  media 
could  be  employed.  Figure  3  shows  this  situation. 
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Figure  3.  DCS  Switched  Service  Direct  to  Tactical  Subscriber 


3.  A  subscriber  served  by  a  tactical  switch  and  communication  net¬ 
work  requires  interoperation  with  a  DCS  switched  network.  Service 


required  could  be  clear  voice,  secure  voice,  teletype,  data, 
facsimile/graphics,  or  imagery.  A  mixture  of  all  types  of  DCS 
and  tactical  transmission  media  might  be  required  to  provide  the 
service.  Figure  4  portrays  such  a  configuration. 
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Figure  4.  Interoperation  of  DCS  and  Tactical  Switched  Service 


4.2  CONFIGURATIONS  FOR  INTEROPERATION 


This  paragraph  will  address  details  of  likely  configurations  for  interopera¬ 
tion,  including  features  and  functional  services  that  will  be  provided  through  the 
interface  point. 

4.2.1  Dedicated  DCS  Subscriber  to  Tactical  Subscriber 

Figure  5  depicts  a  configuration  wherein  a  tactical  network  interoperates 
with  the  DCS  in  order  to  provide  dedicated  service  between  a  tactical  subscriber 
and  a  DCS  subscriber.  The  various  services  that  might  be  required  are  shown 
in  Figure  5  and  are  discussed  in  the  following  paragraphs.  For  the  single 
circuit  that  this  situation  depicts,  control  requirements  would  be  met  by  use 


of  a  common  user  telephone.  Under  normal  circumstances,  it  is  neither  practical 
nor  economical  to  establish  a  dedicated  orderwire.  If  such  a  requirement  exists  or 
arises,  it  can  be  satisfied  on  a  patch  basis  or  by  use  of  the  link  orderwire.  Many 
types  of  equipment  could  be  employed  in  this  interope rational  situation.  Examples 
are: 

1.  DCS.  Present  equipment,  FKV/DEB  I  subsystem  (FRC-162, 

FCC-97,  TSEC/CY-104),  DRAMA  (FRC-163,  FCC-98,  KG-81, 

FCC-99),  DSCS,  leased  commercial  satellite,  leased  submarine 
cable,  leased  terrestrial  service,  etc. 

2.  Tactical.  Present  equipment,  TRI-TAC  family  (TRC-170, 

SRWBR,  Trunk  Group  Mux,  Loop  Group  Mux,  KG-81),  the  GMF 
satellite  family  (TSC-85,  TSC-93,  TD-754,  TD-660),  etc. 

Figures  6,  7,  and  8  show  these  configurations  of  DCS  equipment  interopera¬ 
tion  with  old,  satellite,  and  TRI-TAC  tactical  equipment,  respectively.  The 
features  of  these  interfaces  are  discussed  in  detail  in  the  following  paragraphs. 

In  all  cases,  for  the  purpose  of  these  examples,  compatible  terminal  equipment 
(end  instrument)  is  assumed.  In  a  real  life  situation,  the  end  equipment  com¬ 
patibility  and  availability  would  have  to  be  confirmed. 

4.2. 1.1  Clear  Voice 

Clear  voice  >  perhaps  the  simplest  of  the  interfaces  in  a  dedicated  service 
situation.  Features  of  the  interface  are  shown  in  Table  1.  This  configuration 
provides  clear  voice  only.  Signaling  and  supervision  are  necessary  in  order  to 
advise  subscribers  when  to  go  on-hook  and  off-hook.  A  range  of  basic  parameters 
of  communication  systems  must  be  accommodated,  with  the  interface  providing 
the  missing  elements  needed  to  effect  interoperability.  Irrespective  of  the 
exact  levels  at  which  interfaces  are  accomplished,  there  are  certain  operating 
characteristics  or  design  parameters  which  must  be  satisfied  to  ensure  success¬ 
ful  operation  between  the  two  entities  being  interfaced. 
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Table  1.  Interface  Features 


Functional  services: 

Clear  voice 

Signaling 

Supervision 

Technical  considerations 

Minimum  requirements 

Bandwidth 

3  Khz 

Frequency  response 

300-3000  Hz  -  3  to  +  8dB  loss 

Impedance 

600fU10% 

Signal  level 

0  +  3dB 

Noise  level 

35dbm0  distance  dependent 

Balanced  or  unbalanced 

Balanced 

Conditioning 

Not  required 

2-wire  or  4-wire 

4-wire 

The  influence  of  standardization  efforts  over  a  considerable  time  period 
has  produced  fairly  common  electrical  characteristics  for  an  extensive  set  of 
equipment  parameters  prevailing  in  analog  communication  systems.  Specifically, 
voice  channel  parameters  of  these  transmission  systems  are  in  general  agree¬ 
ment  in  terms  of  frequency  response,  frequency  translation  level,  and  delay 
distortion,  which  permit  system  cross-connects  at  voice  channel  levels  at 
patching  or  multiplexing  facilities. 

Some  parameters  are  adjustable  (e.g. ,  level),  while  others  are  inherent 
features  that  result  from  equipment  design  (e.g. ,  frequency  response  and  delay 
distortion).  Any  variations  of  the  latter  type  usually  result  in  some  performance 
degradation  which,  depending  on  the  extent  of  the  difference  and  the  length  of 
the  circuits,  may  limit  interconnectivity.  Extensions  of  these  discussions 
apply  in  a  similar  fashion  to  group  and  supergroup  interfaces  in  FDM  systems. 

Problems  which  may  be  encountered  in  such  situations  generally  can  be 
resolved  at  an  interface  point  by  means  of  hardware  manipulations,  such  as  the 
addition  of  hybrids  and  other  types  of  conditioning  equipment;  judicious  deploy¬ 
ment  of  equipment,  such  as  RF  or  multiplexers  to  ensure  compatibility  at 
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link  ends;  and  A/D  or  D/A  conversion  equipment  in  cases  where  analog  and 
digital  systems  will  be  interfaced. 

Of  greater  significance  and  complexity  are  the  areas  involving  such  sys¬ 
tem  operating  parameters  as  signaling/supervision,  network  numbering  and 
routing  schemes,  line  protocols  and  message  formats,  etc.  In  these  instances 
a  variety  of  remedial  techniques,  including  both  hardware  and  software  imple¬ 
mentations,  must  be  applied  to  effect  the  interface. 

This  is  an  area  in  which  it  is  difficult  to  cite  an  example.  Circum¬ 
stances  will  dictate  the  appropriate  action,  and  the  decision  taken  at  that 
time  will  depend  upon  whether  the  requirement  is  for  reconstitution  of  a 
digital  switch,  access  to  a  digital  switch  from  a  tactical  subscriber,  restoral  of  a 
segment  of  a  DCS  System  with  tactical  equipment  or  some  other  requirement.  To  be 
effective,  TRI-TAC  equipment  must  be  available  for  all  contingencies  and  the  operating 
parameter  requirements  must  be  known  and  satisfied  at  the  time  of  deployment. 


In  the  case  of  clear  voice,  the  features  of  the  interface  are  basically 
the  sc:  e  irrespective  of  the  type  of  equipment  that  is  involved.  This  is  true 
because  of  the  VF  capability  that  is  provided  by  both  DCS  and  tactical  equipment. 

4. 2. 1.2  Secure  Voice 

The  secure  voice  situations  described  here  are  dedicated  point-to-point 
service.  In  other  words,  no  switches  are  involved  in  this  configuration. 

Several  types  of  cryptographic  equipment  could  be  employed.  For  example, 
both  the  DCS  and  tactical  subscribers  could  use  PARKHILL  or  the  NBST  of 
AUTOSEVOCOM.  In  either  case,  end-to-end  encryption  would  be  employed. 
Wideband  (50  kbps)  service  might  be  desired,  thus  requiring  a  group  or  six 
voice  channels  in  an  FDM  system  if  a  digital  USC-26  operating  in  half-group 
mode  is  used.  Here  again,  end-to-end  encryption  would  be  provided;  pos¬ 
sibly,  both  DCS  and  tactical  subscribers  would  be  equipped  with  a  TRI-TAC 
DSVT. 
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All  of  the  preceding  situations  have  called  out  like  terminal  and  crypto¬ 
graphic  equipment  for  both  users.  However,  there  could  be  the  situation 
where  the  DCS  subscriber  uses  an  NBST  and  the  tactical  subscriber  uses  a 
PARKHILL.  In  this  case,  additional  equipment  would  be  required  at  the  point 
of  interface— an  NBST  on  the  DCS  side  and  a  PARKHILL  on  the  tactical  side. 
A  red/maroon  interface  would  be  necessary  in  order  to  provide  end-to-end 
security,  but  end-to-end  encryption  would  not  be  provided.  This  situation  is 
depicted  in  Figure  9.  Quality,  however,  will  probably  be  unsatisfactory, 
so  the  circuit  may  not  be  usable. 


Figure  9.  Secure  Voice  (Unlike  End  Crypto  Equipment) 


The  interface  features  of  the  preceding  dedicated  secure  voice  situations 
are  generally  the  same  when  the  interface  is  at  VF  level,  except  that  a  red/ 
maroon  interface  is  required  when  using  the  NBST  on  one  side  and  the  PARKHILL 
on  the  other,  for  example.  Features  of  the  interface  are  shown  in  Table  2. 


Table  2.  Secure  Voice  Interface  Features  (Analog) 


Functional  services: 

Secure  voice 

Signaling 

Supervision 

Technical  considerations 

Minimum  requirements 

Bandwidth 

3kHz 

Frequency  response 

300Hz  -  3000Hz  -1  to  +3dB  loss 

Impedance 

600  0+10% 

Signal  level 

OdB  +  3dB  (equipment  conscious 

Noise  level 

35dB  (distance  dependent) 

Balanced  or  unbalanced- 

Balanced 

Conditioning 

to  DCS  S-3  specifications 

In  some  cases  the  secure  voice  interface  could  be  digital.  For  example, 
both  the  DCS  subscriber  and  the  tactical  subscriber  could  use  the  DSVT,  with 
transmission  taking  place  over  both  DCS  digital  and  TRI-TAC  digital  facilities. 
In  such  a  case,  the  features  of  the  interface  would  be  like  that  in  Table  3. 

Plans  indicate  that  the  NBST  equipment  presently  in  use  will  be  replaced 
by  the  DCS  Varient  Secure  Telephone  Unit  (STU-II).  This  unit  has  the  capa¬ 
bility  to  operate  at  2.4  kbps  LPC-10,  9.6  kbps  A  PC-4,  and  16  kbps  (by  use 
of  an  external  16-kbps  modem).  When  this  plan  is  completed,  the  number  of 
STU-IIs  installed  will  make  it  unlikely  that  normal  DCS  secure  voice  sub¬ 
scribers  will  possess  Parkhill  or  DSVT. 

End-to-end,  point-to-point  encryption  will  still  be  possible  with  the  DCS 
subscriber  using  a  16-kbps  STU-II  and  the  tactical  subscriber,  a  DSVT.  This 
is  possible  since  the  TRI-TAC  subscriber  will  be  able  to  force  the  DSVT  to 
the  16-kbps  rate. 

End-to-end  security  without  end-to-end  encryption  in  a  tandem  con¬ 
figuration  is  achievable  between  the  STU-II  and  the  DSVT.  According  to 
recent  Digital  Voice  Processor  Consortium  test  results,  tandems  from 
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9.6  to  32  kbps,  2.4  kbps  to  32  kbps  and  9.6  kbps  to  16  kbps  can  be  accomplished 
with  acceptable  quality.  A  2.4  to  16  kbps  is  possible,  but  quality  is  sacrificed. 
An  interface  point  must  exist  that  can  make  the  necessary  back-to-back  con¬ 
nections  between  the  STU-II  and  the  DSVT. 


Table  3.  Secure  Voice  Interface  Features  (Digital) 


Functional  services: 

Secure  voice 

Signaling 

Supervision 

Timing 

Technical  considerations 

Minimum  Requirements 

Data  Rate  - 

2.4  9.6  16  kbps 

Serial  or  Parallel  - 

Serial 

Clocking  - 

Station  Clock  transmit  - 

Slaved  or  Data  Recovery 
Receive 

Error  Rate  - 

As  specified  for  transmission 

media 

Signal  Level 

Media  conscious 

Balanced-Unbalanced  - 

IAW  MIL  STD  188-114 

Conditioning  - 

To  DCS  D1  Specifications 

4. 2. 1.3  Teletype 

The  requirement  is  for  a  tactical  communication  network  subscriber 
that  will  exchange  secure  teletype  traffic  with  a  subscriber  to  the  DCS.  End 
terminal  equipment  is  compatible  including  crypto  devices.  Teletype  signals 
are  inherently  digital,  so  the  discussion  of  data  in  Paragraph  4. 2. 1.4  applies 
to  teletype  equipment. 

4.  2.1.4  Data 

This  configuration  involves  the  need  for  a  tactical  network  subscriber  to 
exchange  secure  data  with  a  subscriber  served  by  the  DCS.  Obviously,  the 
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end  terminals  should  be  compatible.  The  KG-13  crypto  equipment  would  prob¬ 
ably  be  used.  Equipment  that  provides  the  transmission  path  will  dictate  the 
method  of  accomplishing  this  service.  For  example,  modems  could  be  used 
for  D/A  and  A/D  conversion,  with  the  data  being  transmitted  as  quasi-analog. 
Although  a  data  rate  of  9.  6  kbps  might  be  possible  over  a  single  voice  channel, 
in  practice  a  rate  of  4. 8  kbps  would  probably  be  the  limit.  If  higher  data  rates 
were  required,  then  multiple  voice  channels  (as  used  for  wideband  AUTOSEVO- 
COM)  would  be  necessary. 

If  the  transmission  media  were  DCS  DRAMA  and  TRI-TAC  or  GMF 
SATCOM,  then  end-to-end  digital  transmission  could  take  place.  The  constraints 
here  would  be  the  data  rates  at  which  DRAMA  and  TRI-TAC  are  designed  to 
interoperate  (i.  e. ,  1G,  32,  256,  and  512  kbps).  At  16  and  32  kbps,  the  inter¬ 
face  would  be  between  the  DRAMA  submultiplexer  and  the  TRI-TAC  Loop  Group 
Mux.  At  256  and  512  kbps,  the  interface  would  be  between  the  DRAMA  FCC-98, 
and  the  TRI-TAC  TGM.  At  present,  there  is  no  planned  common  data  rate 
higher  than  512  kbps. 

If  the  data  were  transmitted  as  quasi-analog,  the  interface  features  would 
be  the  same  as  given  in  Table  4. 

Table  4.  Secure  Data  Interface  Features  (Quasi-analog) 

Functional  services: 

Secure  data 
Signaling 
Supervision 
Timing 

Technical  considerations: 

Bandwidth 
Frequency  response 
Type  of  modulation 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 

Conditioning 

Clocking 


If  digital  transmission  takes  place,  then  the  interface  features  would  be 
as  shown  in  Table  5. 


Table  5.  Secure  Data  Interface  Features  (Digital) 


Functional  services: 

Secure  data 
Signaling 
Supervision 
Timing 

Technical  considerations: 

Data  rate 
Serial  or  parallel 
Signal  format 
Error  rate 
Logic  sense 

Transmitter  signal  level 
Transmitter  source  impedence 
Transmitter  waveshape 
Deceiver  input  impedence 
Receiver  input  capacitance 
Receiver  sensitivity 
Clocking 


4. 2. 1.5  Facsimile/Graphics 

Facsimile/graphics  consists  basically  of  analog  data.  The  scanned 
information  is  an  analog  signal  which  may  be  digitized  for  preprocessing 
(usually  for  bandwidth  reduction),  for  encryption,  and  for  noise  resistance. 
Low-speed  facsimile  is  commonly  transmitted  by  analog  modulation  over 
conventional  voice  circuits,  especially  in  the  case  of  meteorological  data 
(i.  e. ,  weather  maps). 

TRI-TAC  now  has  the  lightweight  TDF  (AN/UXC-4  (  )  (  V  )  )  under 
development.  The  TDF  will  operate  on  channels  with  data  rates  of  1.2  to  32 
kbps.  It  can  also  be  used  over  voice  circuits  using  modems.  The  TDF  will 
also  be  compatible  with  standard  meteorological  transmissions  through  a 
special  interface  module. 
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Thus,  the  transmission  of  facsimile/graphics  on  a  dedicated  basis 
appears  much  the  same  as  for  clear  or  secure  voice  or  secure  data,  depending 
on  the  transmission  media  employed.  If  analog  is  transmitted  in  the  clear, 
then  the  DCS-tactical  interface  features  would  be  as.  shown  in  Table  1.  If 
analog  transmission  is  secured,  the  DCS-tactical  interface  features  would  be 
as  shown  in  Table  3,  since  A/D  and  D/A  conversion  would  be  necessary  for 
encryption. 

If  the  new  TDF  is  used  over  DCS  and  tactical  digital  transmission  media, 
then  the  interface  features  would  be  as  shown  in  Table  5,  except  that  secure 
facsimile/graphics  would  be  provided. 

4.2.1.G  Imagery 

Imagery  is  basically  analog  data  that  is  characterized  by  wide  bandwidth 
requirements  such  as  the  4.2  MHz  needed  by  commercial  television.  High- 
resolution  video  transmission  may  require  even  greater  bandwidth.  As  in 
facsimile,  the  scanned  information  (an  analog  signal)  may  be  digitized  for 
preprocessing  (usually  for  bandwidth  reduction),  for  encryption,  and  for  noise 
resistance,  transmission  of  imagery  will  usually  be  limited  to  paired— user 
devices  and  normally  will  take  place  over  dedicated  paths. 

Due  to  the  bandwidth  requirements,  imagery  transmission  over  much  of 
the  present  DCS  and  tactical  equipment  suffers  severe  limitations,  especially 
for  TROPO  equipment.  New  digital  equipment  will  remove  many  of  these 
limitations. 

Imagery  transmission  on  a  dedicated  basis  appears  much  the  same  as 
clear  or  secure  voice  or  secure  data,  depending  on  the  transmission  media  used. 
If  clear  analog  is  used,  then  the  DCS-tactical  interface  features  would  be  as 
shown  in  Table  1.  Table  3  represents  the  features  of  secure  analog.  Table  5 
shows  the  DCS-tactical  interface  features  if  imagery  was  transmitted  over 
digital  DCS  and  tactical  systems. 
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Broadband  requirements  to  support  imagery  (including  conferencing) 
will  be  extremely  demanding  on  shared  facilities  because  of  unidirectional  and 
conference  needs.  Broadband  loops  to  imagery  users  may  well  lie  tailored 
for  alternate  functions,  including  the  necessary  network  control  functions. 
Control  schemes  which  flexibly  interleave  imagery  transmission  with  standard 
trunking  support  will  provide  added  flexibility.  However,  support  of  imagery 
transmission  under  the  JMTSS  concept  poses  severe  problems. 

4.2.2  Direct  DCS  Switched  Service 

Figure  10  shows  a  configuration  where  a  tactical  network  provides  a 
tactical  network  subscriber  with  direct  access  to  a  DCS  switched  network 
(AUTOVON,  AUTODIN,  or  AUTOSEVOCOM).  Control  requirements  would  be 
provided  through  common  user  telephone.  Various  types  of  transmission 
equipment  could  be  employed,  examples  of  which  are  listed  in  Paragraph  4.  2.1. 
Figures  6,  7,  and  8  represent  some  equipment  configurations  that  might  be 
used  (connectivity  to  a  switch  rather  than  from  subscriber  to  subscriber  as 
shown).  Features  of  these  interfaces  are  discussed  in  detail  below. 

4. 2.  2.1  AUTOVON 

This  configuration  involves  the  need  of  a  clear  voice  subscriber,  served 
by  a  tactical  network,  for  direct  access  to  a  DCS  AUTOVON  switch.  There 
can  be  many  configurations  of  equipment  to  provide  such  service.  For  prac¬ 
tical  purposes,  however,  an  interface  can  be  accomplished  only  at  the  VF 
level. 

Using  the  equipment  configuration  shown  in  Figure  6  and  assuming  that 
the  tactical  subscriber  accesses  on  an  analog  basis,  the  interface  is  accom¬ 
plished  at  the  VF  level.  The  DCS  FKV  and  DRAMA  equipments  provide  flexi¬ 
bility  to  interface  at  the  VF  level  or  digitally.  The  old  tactical  equipment  pro¬ 
vides  a  VF  capability  only.  Under  these  conditions,  the  features  of  the  interface 
would  be  as  shown  in  Table  G. 
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Figure  10.  Direct  DCS  Switched  Service  to  Tactical  Network  Subscriber 


Table  6.  AUTOVON  VF  Interface  Features 


Functional  services: 

Clear  voice 
Signaling 
Supervision 
Precedence 
Preemption 
Ringing 
Power 

Technical  considerations: 

Bandwidth 

Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 

AUTOVON  compatible  clear  voice  would  be  provided  over  this  interlace. 
Signaling  is  required  for  transmitting  addresses.  Supervision  is  required  for 
indicating  on-hook,  off-hook,  and  disconnect.  Precedence  is  required  to 
indicate  the  priority  level  of  a  call,  and  preemption  is  necessary  in  case  a 
higher  priority  call  requires  access  to  the  circuit.  Power  is  required  if  com¬ 
mon  battery  is  employed,  but  this  condition  is  not  probable  in  this  configuration. 

Under  conditions  where  the  interface  occurs  between  DRAMA  or  FKV 
equipment  and  tactical  satellite  equipment,  VF  level  would  be  used  (Figure  7). 
Note  that  the  tactical  subscriber's  AUTOVON  Telephone  set  could  access  the 
TSC-85  directly  if  PCM  is  provided  in  the  TSC-85  as  either  GFE  or  procured 
as  part  of  the  buy.  If  the  TRI-TAC  DGM  should  be  downstream  from  the 
terminal,  an  Analogue  Applique  Unit  (AAU)  would  be  required  to  interface 
with  the  DGM.  The  AAU  is  used  within  an  LGM.  This  is  true  because  the  AAU 
is  the  only  unit  that  will  accept  a  4-KHz,  4-wire,  full-duplex  analog  loog  (the 
other  TRI-TAC  multiplexers  are  confined  to  digital  channels).  The  interface 
at  VF  level  will  have  the  same  features  as  shown  in  Table  6.  The  interface 
for  AUTOVON  service  to  a  tactical  subscriber  could  take  place  between  DRAMA 
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or  FKV  and  TRI-TAC  digital  equipment  (Figure  8).  Here,  again,  the  AAU 
would  be  necessary  before  the  subscriber  could  access  the  network.  The 
interface  would  be  at  the  VF  level,  and  the  TRI-TAC  LGM  would  need  Analog 
Applique  Units  (AAU).  Figure  11  depicts  this  situation.  The  interface  features 
would  be  the  same  as  shown  in  Table  6. 

4.  2.2.2  AUTODIN 

A  subscriber  of  a  tactical  network  requires  access  to  DCS  AUTODIN. 
Assume  that  the  tactical  subscriber  has  an  AUTODIN  approved  compatible 
terminal  which  is  secured  by  a  KG-13  crypto  device.  As  in  most  configura¬ 
tions,  varied  types  of  DCS  and  tactic al  communication  equipment  could  provide 
the  transmission  media.  AUTODIN  traffic  originates  as  digital  data,  which 
are  then  encrypted  by  a  key  generator  (KG-13).  In  most  cases  today,  a  modem 
accomplishes  conversion  to  quasi-analog,  and  transmission  takes  place  over 
VF  circuits.  This  could  be  the  mode  of  operation  in  the  DCS-tactical  inter¬ 
operation,  especially  for  older  equipment.  In  this  case,  the  interface  would 
probably  be  at  the  VF  level,  basically  as  shown  for  ALTOVON  in  Figure  11, 
except  that  modems  would  be  required  on  each  end.  Features  of  the  interface 
are  shown  in  Table  7. 

Table  7.  AUTODIN  VF  Interface  Features 

Functional  services: 

Secure  data 
Signaling 
Supervision 
Precedence 
Timing 
Control 

Error  detection  and  retransmission 
Language  media  format 

Technical  considerations: 

Bandwidth 

Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 
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The  required  mode  is  2.4  kbps  when  interfacing  the  TRI-TAC  equipment. 
The  LGM  with  AAU  would  be  used,  and  a  modem  would  be  required  at  the  data 
terminal  and  switch  ends  of  the  circuit  (assuming  a  2400-baud  rate).  This 
configuration  would  be  portrayed  in  Figure  12.  The  features  of  an  AUTODIN 
digital  interface  are  shown  in  Table  8. 


Table  8.  AUTODIN  Digital  Interface  Features 


Functional  services: 

Secure  data 

Signaling 

Supervision 

Precedence 

Timing 

Control 

Error  detection  and  retransmission 
Language  media  format 

Technical  considerations: 

Data  rate 
Serial  or  parallel 
Signal  format 
Error  rate 
Logic  sense 

Transmitter  signal  level 
Transmitter  source  impedance 
Transmitter  waveshape 
Receiver  input  impedance 
Receiver  input  capacitance 
Receiver  sensitivity 
Clocking 


There  is  the  possibility  that  either  of  the  two  types  of  data  adapters 
being  developed  by  TRI-TAC  could  be  modified  for  use  on  such  a  circuit.  A 
primary  function  of  the  data  adapter  is  to  match  the  data  terminal's  baud  rate 
to  the  TRI-TAC  loop  transmission  rate.  Thus,  a  modified  data  adapter  might 
be  employed  to  match  a  data  terminal's  2400-baud  rate  to  a  16/32  kbps  TRI- 
TAC  transmission  rate  and  to  interface  the  LGM.  In  addition,  rate  converters 


Figure  12  AUTODIN  Service  Interface 


could  be  used.  In  these  cases,  modems  and  the  USM  at  the  terminal  end  would 
not  be  necessary.  The  transmission  would  be  from  digital  terminal  to  switch. 
As  previously  noted,  however,  the  feasibility  of  modifying  a  TRI-TAC  data 
adapter  is  not  known  at  this  time. 

4.  2. 2. 3  AUTOSEVOCOM 

In  this  situation,  a  subscriber  to  a  tactical  network  requires  switched 
AUTOSEVOCOM  service,  which  could  be  wideband  or  narrowband.  If  narrow- 
band,  service  is  usually  provided  by  homing  an  NBST  on  an  AUTOVON  switch. 

In  some  cases,  however,  NBSTs  are  homed  on  SECORDs  (manual,  cord-board 
type  switch).  Wideband  subscriber  terminals  are  homed  on  FTC-31' s,  WECO 
758' s,  or  SECORDs.  Wideband  trunking  (50  kbps)  is  used  to  provide  high- 
quality,  secure  voice  service.  The  FTC-31  provides  wideband  direct-dial 
service  to  local  subscribers,  long-haul  direct-dial  wideband  service  via  inter¬ 
switch  wideband  trunks,  and  operator-controlled  interconnection  to  narrow- 
band  (2.  4  and  9.6  kbps)  trunks.  The  758C  provides  essentially  the  same  service 
as  the  FTC-31.  The  SECORD  provides  manual  switching  between  local  WBSTs, 
NBSTs  in  some  cases,  and  long-haul  transmission  via  narrowband  or  wideband 
trunks.  The  AUTOVON  switch  treats  the  NBST  as  it  does  any  other  voice 
subscriber,  with  the  call  being  placed  in  the  clear  and  then  encrypted  upon 
completion  of  the  connection.  Secure  voice  calls  using  AUTOVON  (including 
narrowband  interswitch  trunking)  are  transmitted  as  quasi-analog  signals. 

Two  interoperational  configurations  will  be  discussed  herein.  In  both 
cases,  transmission  will  be  over  DCS  DRAMA  equipment  (FKV  could  be  used) 
and  TRI-TAC  digital  equipment  (depicted  in  Figure  8).  The  first  configuration 
will  cover  wideband  service  via  an  FTC-31  switch.  The  second  will  discuss 
narrowband  service  through  AUTOVON. 
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4.  2.  2. 3.1  Wideband  Via  FTC -31  Switch 


The  requirement  is  for  a  tactical  network  subscriber  that  will  be  pro¬ 
vided  50-kbps  service  from  a  WBST  to  an  FTC-31  AUTOSEVOCOM  switch  and, 
thus,  access  to  the  network.  The  configuration  would  be  as  shown  in  Figure 
13.  Note  that  a  rate  converter  would  be  required  to  match  the  rate  of  the 
WBST  to  that  of  the  TRI-TAC  TGM.  The  interface  would  be  digital,  and  the  ‘ 
features  would  be  as  shown  in  Table  9.  Note  that  this  configuration  is  provided 
by  both  DRAMA  and  TRI-TAC  equipment.  On  the  DCS  side,  FKV  equipment 
could  be  used  in  lieu  of  the  DRAMA  equipment.  However,  providing  this  ser¬ 
vice  over  old  tactical  equipment  or  GMF  tactical  satellite  terminals  would 
require  the  USC-26  and  6  or  12  VF  channels. 


Table  9.  AUTOSEVOCOM  50-kbps  Interface  Features 


Functional  services: 

Secure  voice 

Signaling- 

Supervision 

Precedence 

Preemption 

Ringing 

Power 

Timing 

Technical  considerations: 

Data  rate 
Serial  or  parallel 
Error  rate 

Transmitter  signal  level 
Transmitter  source  impedance 
Transmitter  waveshape 
Receiver  input  impedance 
Receiver  input  capacitance 
Receiver  sensitivity 
Clocking 
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4.  2.  2.  3.2  Narrowband  Via  FTC-31  Switch 


In  this  configuration,  a  tactical  network  subscriber  requires  2.4-kbps 
service  from  an  NBST  to  an  AUTOVON  switch  for  access  to  the  AUTOSEVO- 
COM  network.  On  the  DCS  side,  service  is  provided  by  DRAMA  (or  FKV) 
equipment.  TRI-TAC  equipment  is  used  on  the  tactical  side.  The  configura¬ 
tion  would  appear  as  shown  in  Figure  14.  An  AAU  would  be  required  for  the 
LGM.  The  interface  takes  place  at  the  VF  level  (quasi-analog).  In  this  case, 
since  this  is  a  VF  circuit,  old  tactical  equipment  could  provide  the  service. 
GMF  satellite  terminals  could  also  provide  the  service.  For  example,  if 
TSC-85's,  93's,  or  94's  were  used,  then  the  TD-660  MUX  would  be  the  entry 
device  at  the  terminal  and  at  the  interface  point.  In  all  cases,  the  features 
of  the  interface  would  be  as  shown  in  Table  10. 


Tabic  10.  AUTOSEVOCOM  VF  Interface  Features 


Functional  services: 

Secure  voice 

Signaling 

Supervision 

Precedence 

Preemption 

Ringing 

Power 

Timing 

Technical  considerations: 

Bandwidth 
Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 
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4. 2. 3  DCS  Switched  to  Tactical  Switched  Network 


The  discussion  of  interoperation  of  DCS  switched  networks  will  consider 
AUTOVON,  AUTODIN,  and  AUTOSEVOCOM  interoperating  with  the  TRI-TAC 
TTC-39,  which  is  being  developed  with  provisions  for  interoperation  with  the 
DCS  switched  networks. 

4. 2. 3.1  AUTOVON 

The  TTC-39  is  designed  to  act  as^either  an  AUTOVON  switch  or  as  a 
PBX  interoperating  with  AUTOVON.  In  either  case,  trunks  and/or  access 
lines  are  terminated  on  the  SDMX.  Thus,  traffic  leaving  the  TTC-39  destined 
for  an  AUTOVON  switch  is  in  analog  form.  However,  both  TTC-39  analog 
and  digital  voice  subscribers  can  access  AUTOVON.  Analog  subscribers  are 
homed  on  ttye  SDMX  and  are  connected  to  AUTOVON  trunks  and/or  access  lines 

t  " 

upon  dialing  the  precedence,  route  code,  AUTOVON  area  code,  and  subscriber 
address.  Subscribers  must  be  class  marked  for  AUTOVON  access.  The 
TTC-39  provides  outgoing  in-band  DTMF  signaling  nonconfirmation  with  SF 
supervision. 

Digital  voice  subscribers  (DSVT  or  DNVT)  are  homed  on  the  TDMX.  If 
a  digital  subscriber  is  class  marked  for  AUTOVON  access,  he  gains  access 
by  dialing,  as  indicated  for  the  analog  subscriber.  By  means  of  internal  inter¬ 
faces,  the  TDMX  switches  the  call  to  the  SDMX  (D/A  conversion  takes  place), 
and  the  SDMX  seizes  an  AUTOVON  access  line  or  trunk  as  the  case  may  be. 
Again,  the  traffic  is  in  analog  form. 

Assuming  that  transmission  will  take  place  over  DCS  DRAMA  and  TRI- 
TAC  digital  equipment,  this  interoperational  configuration  would  appear  as 
shown  in  Figure  15.  For  purposes  of  simplicity,  the  CNCE,  which  would 
probably  be  used  at  a  TTC-39  site,  has  not  been  shown.  Use  of  the  TRI-TAC 
DGM  hierarchy  permits  a  clear  depiction  of  the  configuration  interface.  The 
features  of  an  interface  that  provides  interconnection  between  DCS  AUTOVON 
and  the  TRI-TAC  TTC-39  are  given  in  Table  11. 
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Table  11.  AUTOVON  to  TTC-39  VF  Interface  Features 


Functional  services: 

Clear  voice 

Signaling 

Supervision 

Precedence 

Preemption 

Ringing 

Technical  considerations: 

Bandwidth 
Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 


4. 2. 3. 2  AUTODIN 

The  TRI-TAC  developed  switch  has,  in  addition  to  its  two  circuit  switch 
modules  (TTC-39),  a  message  switch  (TYC-39)  which  provides  functions  and 
services  related  to  the  handling,  processing,  and  switching  of  messages 
in  a  store  and  forward  operation.  It  performs  those  functions  required  to 
ensure  protection  and  security  of  message  traffic  which  originates  (1)  at 
directly  connected  terminals,  (2)  on  trunks  to  AUTODIN  automatic  switching 
centers,  (3)  on  trunks  to  other  message  switching  centers,  and  (4)  at  terminals 
or  message  switching  centers  connected  to  TYC-39  circuit  switches.  The 
message  switching  center  can  terminate  all  types  of  teletypewriters;  paper 
tape  readers;  card  readers;  AUTODIN  DSTE  mobile  data  terminals;  weather 
terminals;  high-,  medium-,  and  low-speed  printers;  and  magnetic  tape 
terminals.  To  accommodate  some  of  the  older  terminals,  TRI-TAC  is 
developing  DAs  which  compensate  for  differences  in  protocol  and  bit  rates 
of  the  TRI-TAC  switching  and  transmission  equipment.  A  prime  function 
of  the  DA  is  to  match  the  baud  rate  of  the  terminal  equipment  to  the  TRI-TAC 
loop  transmission  rate  (information  exchange  rate  is  not  changed). 
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AUTODIN  compatibility  is  provided  through  either  dedicated  or  circuit- 

switched  trunk  interfaces  to  the  TYC-39  message  switch.  These  circuits  are 

N 

full-duplex,  4-wire  trunk  circuits  capable  of  transmission  rates  of  75  x  2  bps 
(N  =  4  to  7)  and  16  and  32  kbps.  Compatible  cryptos  and  modems  are  required 
at  the  switch  when  the  interface  is  accomplished  via  an  analog  circuit.  When 
message  switch  trunks  are  established  via  the  TTC-39  circuit  switch,  they 
are  marked  with  a  FLASH  precedence  to  inhibit  preemption. 

A  likely  configuration  of  AUTODIN  to  TRI-TAC  switch  interoperation 
is  shown  in  Figure  16,  where  2.4-kbps  trunking  is  provided.  The  TRI-TAC 
switch  could  access  the  trunk  from  the  message  switch  or  from  the  circuit. 
Various  data  terminals  would  be  homed  on  the  TYC-39.  The  figure  shows 
three  methods  of  implementation:  (1)  data  terminal  through  a  DA  and  through 
a  DSVT  to  the  circuit  switch,  which  would  access  the  message  switch  through 
an  interswitch  trunk;  (2)  a  data  terminal  through  a  DLED  to  the  message 
switch;  and  (3)  a  data  terminal  via  a  DA  through  a  DLED  to  the  message  switch. 
The  DSVT  configuration  could  also  be  homed  on  the  message  switch. 

Since  operation  is  in  a  store  and  forward  mode,  the  data  rate  of  terminals 
has  no  direct  relation  to  the  data  rate  of  the  AUTODEN  to  TYC-39  trunk.  The 
basic  problem  here  is  the  DCS  II  versus  TRI-TAC  data  rates.  As  previously 
noted,  the  TYC-39  message  switch  will  output  a  2.4-kbps  AUTODIN  com¬ 
patible  signal.  If  transmitted  over  existing  DCS  and  tactical  equipment,  it 
would  be  quasi-analog,  with  a  modem  and  a  crypto  device  required  on  each 
end.  The  interface  would  also  be  quasi-analog.  Using  DRAMA  (or  FKV) 
and  TRI-TAC  equipment,  there  are  two  options.  The  first  would  be  as  shown 
in  Figure  12,  except  that  the  TYC-39  message  switch  would  be  the  device 
on  the  right  in  lieu  of  the  data  terminal.  The  alternative  would  be  as  shown 
in  Figure  16,  which  provides  A/D/A  conversion  on  each  end  and  quasi-analog 
transmission.  The  interface  features  of  this  configuration  are  given  in 
Table  12. 
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Table  12.  AUTODIN  to  TYC-39  VF  Interface 


Functional  services: 

Secure  data 

Signaling 

Supervision 

Precedence 

Timing 

Control 

Error  detection  and  retransmission 
Language  media  format 

Technical  considerations: 

Bandwidth 

Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 


4. 2. 3. 3  AUTOSEVOCOM 

The  AUTOSE VOCM  II  program  has  been  changed  to  the  Secure  Voice 
Improvement  Program  (SVIP).  The  major  changes  which  will  take  place  are 
described  on  page  37.  The  AUTOVON  System  will  be  used  as  the  primary 
transmission  and  switching  medium.  The  following  discussion  addresses 
the  requirement  for  interoperation  between  the  TTC-39  and  AUTOSEVOCOM 
as  presently  configured.  In  other  words,  the  requirement  is  for  a  DSVT 
operating  at  16/32  kbps  and  homed  on  a  TTC-39  TDMX  to  interoperate  with 
an  AUTOSEVOCOM  subscriber  (either  narrowband  or  wideband).  The  TTC-39 
specification  states  essentially  as  follows: 

The  TTC-39  will  be  capable  of  interfacing  with  the  automatic  secure 
voice  communication  (AUTOSEVOCOM)  netwoi'k  utilizing  either  of  the  two 
following  procedures,  which  will  be  software  selectable: 


1.  Utilizing  intermatrix  loop-around  trunks  to  tandem  (back-to-back) 
dissimilar  voice  encryption  devices  in  any  of  the  following  combina¬ 
tions:  HY-2/KY-3,  HY-2/TRI-TAC  digital,  or  KY-3/TRI-TAC 
digital.  The  loop-around  trunk  will  be  accessible  in  either  direc¬ 
tion.  Bit  stream  sensing  equipment  will  be  provided  for  those 
equipments  whose  method  of  operation  is  to  establish  the  call  in 

the  clear  and  then  switch  to  encryption.  When  a  bit  stream  is 
detected,  the  sensing  equipment  will  switch  in  the  encryption 
equipment  in  the  loop-around  trunk.  The  maximum  number  of 
secure  voice  type  loop-arounds  will  be  limited  to  24  per  circuit 
switch.  At  expanded  nodes,  up  to  24  loop-arounds  may  be  located 
at  each  component  600-line  circuit  switch. 

2.  By  utilizing  an  interface  device  at  the  AUTOSEVOCOM  switch¬ 
board,  the  TTC-30  will  treat  this  type  of  call  as  a  normal  digital 
loop.  The  interface  device  will  contain  the  necessary  control 
switching  supervisory  indicators,  dialing  facilities,  and  COMSEC 
devices  to  allow  the  attendant  at  the  AUTOSEVOCOM  switchboard 
to  receive  and  initiate  calls,  with  a  full  set  of  subscriber  features, 
into  the  tactical  network  and  to  cross-connect  those  calls  to  and 
from  subscribers  in  the  AUTOSEVOCOM  network. 

The  preceding  in  (1)  above  is  interpreted  as  follows.  DVSTs  are  homed 
on  the  TTC-39  TDMX.  NBSTs  and  WBSTs  are  homed  on  the  TTC-39's  SDMX. 
By  use  of  loop-around  trunks,  sensing  equipment  will  switch  in  appropriate 
crypto  devices,  and  secure  voice  terminals  with  unlike  crypto  can  communicate 
in  a  secure  mode.  Thus,  an  NBST  can  talk  to  a  DVST;  a  WBST  to  a  DVST;  and 
an  NBST  to  a  WBST. 

In  (2)  above,  an  interface  device  at  the  AUTOSEVOCOM  switch  will  per¬ 
mit  the  operator  to  receive  and  initiate  calls  to  the  TTC-39  and  to  cross- 
connect  those  calls  to  and  from  subscribers  in  the  AUTOSEVOCOM  system. 
Thus,  interoperation  on  an  operator-controlled  basis  would  be  permitted. 
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In  practice,  it  appears  that  the  TTC-39  will  normally  interface  AUTO- 
SEVOCOM  through  AUTOVON.  The  loop-around  trunk  capability  described 
above  will  permit  the  DSVT  to  communicate  with  AUTOSEVOCOM  subscribers 
(either  an  NBST  or  a  WBST).  Whether  the  special  interface  capability 
described  in  (2)  above  will  be  provided  in  not  known  at  this  time.  Of  course, 
the  AUTOSEVOCOM  terminals  (WBST  and  NBST)  could  be  homed  on  the 
TTC-39  and  connected  into  AUTOSEVOCOM. 

The  into  rope  rational  configuration  of  DCS  AUTOSEVOCOM  to  TTC-39 
would  appear  as  shown  in  Figure  17.  The  features  of  the  interface  would  be 
the  same  as  those  shown  in  Table  10. 
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SECTION  5  -  DCS- TACTICAL  INTEGRATED 


The  general  situation  is  that  DCS  and  tactical  subsystems  and/or  equip¬ 
ment  are  integrated  to  form  a  single  system.  Tactical  equipment  might  be 
used  to  expand,  extend,  or  reconstitute  the  DCS  or  vice  versa.  A  case  in 
point  is  the  JMTSS,  where  tactical  assets  are  integrated  functionally  with 
DCS  assets  to  reconstitute  and  extend  the  DCS  under  stress  conditions. 

The  JMTSS  now  being  planned  for  Europe  and  the  Pacific  pose  large- 
scale  interoperability  problems  between  DCS  and  tactical  communication 
equipment.  Simply  stated,  JMTSS  dictates  that  most  tactical  equipment, 
except  low-level  radio  systems,  will  be  capable  of  interoperation  with  most 
DCS  equipment.  Interoperational  and  interface  problems  must  be  resolved 
before  JMTSS  can  become  a  reality. 

JMTSS  consists  of  a  mix  of  DCS  and  tactical  assets,  and  is  a  transmission 
:md  switching  system  which  is  designed  to  support  various  theater  operational 
plans.  Conceptual  planning  has  been  accomplished  and  assessment  made  of 
the  availability  of  JCS  contingency  and  tactical  equipment.  However,  no 
detailed  engineering  has  been  accomplished;  and,  hence,  no  identification  and 
examination  of  potential  problems  have  taken  place. 

In  Europe,  JMTSS  planning  is  for  support  of  an  OPLAN  that  covers  a 
wide  geographical  area.  It  is  assumed  that  JMTSS  implementation  cannot  be 
accomplished  until  a  conflict  takes  place.  The  assumption  is  then  made  that 
JCS  contingency  and  tactical  assets  will  be  made  available  (from  the  time- 
phased  force  deployment  list)  from  the  CONUS  and  will  arrive  in  a  timely 
manner.  The  European  DCS  is  used  as  the  basic  system  from  which  JMTSS 
is  developed,  and  DCA  Europe  is  designated  as  the  executive  agency  respon¬ 
sible  for  it.  A  scenario  is  used  which  says  that  certain  DCS  facilities  are 
destroyed.  The  first  action  is  to  restore  as  many  high-priority  circuits  as 
possible  to  surviving  paths  by  using  spare  capability  and  by  preempting  lower 
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priority  circuits.  Reconstitution  then  takes  place  by  using  the  JCS  contingency 
and  tactical  assets  delivered  from  CONUS.  Mathematical  calculations  are 
given  below  to  show  the  shortfalls  of  equipment. 

This  is  straightforward  comparison  of  microwave  to  microwave,  TROPO 
to  TROPO,  etc.  No  real  consideration  is  given  to  interoperability.  Fo/ 
example,  assume  that  an  FRC-80  relay  station  in  Germany  is  destroyed.  The 
TRC-97  will  be  used  for  reconstitution.  Is  the  TRC-97  interoperable  with 
the  FRC-80,  or  will  four  TRC-97's  be  required.  If  so,  what  are  the  interface 
problems  ?  The  planning  was  accomplished  using  here-and-now  equipment. 
However,  comments  on  the  plan  have  brought  out  additional  capabilities  that 
will  be  provided  by  new  systems  and  equipment.  For  example,  DEB,  which 
will  be  implemented  in  four  phases,  will  overcome  some  of  the  shortfalls 
shown  in  the  European  JMTSS  plan  (by  increasing  channel  capacity  and  by 
dual-homing  some  sites). 

Each  DEB  site  will  have  a  tactical  interface  capability.  In  DEB  I,  this 
is  48  VF  and  four  1.544- Mbps  channels  at  accessible  sites,  and  48  VF  chan¬ 
nels  and  one  baseband  channel  (12.6  Mbps)  at  inaccessible  sites.  DEB  II- IV' 
sites  will  be  the  same  as  DEB  I,  except  that  a  minimum  of  24  and  no  more 
than  48  VF  channels  will  be  provided.  (See  Figures  18,  19,  and  20.)  Available 
also  are  equipped  surge  spare  channels  and  a  quantity  of  spare  first-level 
multiplexers.  Additionally,  DCS  contingency  assets  are  being  procured  under 
the  DEB  program  which  will  be  capable  of  restoring  a  number  of  links  (see 
Tables  13,  14,  and  15.) 

In  the  early  1980’s,  the  GMF  portion  of  DSCS  will  become  available.  In 
fact,  some  equipment  is  now  under  procurement,  but  production  type  hardware, 
including  the  control  central,  will  not  be  available  until  1981-1982  and  there¬ 
after.  While  this  equipment  will  provide  more  reconstitution  capability,  it 
will  also  cause  more  problems.  For  example,  the  earth  terminals  (TSC-85, 
-93,  -94)  are  equipped  with  the  TD-660  48-kbps  PCM  A/D  converter  which 
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gure  18.  Tactical  Interconnect  at  Remote  DCS  DEB  I/KFV 
Repeater  Site  Equipped  with  TDM 


DCS  REPEATER  SITE 


Tactical  Interconnect  at  Remote  I 
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igure  20.  Tactical  Interconnect  at  Remote  DCS  DEB  II- rv 
Repeater  Site  Unequipped  with  TDM 


Table  15.  Type  II  Contingency  Package 


poses  problems  in  tandem  end-to-end  configurations.  Its  quantization  stan¬ 
dard  is  lower  than  the  DCS  64-kbps  PCM.  Voice  transmission  will  usually  be 
satisfactory.  However,  transmission  of  quasi-analog  data  at  2.4  kbps  is 
marginal.  It  is  also  marginal  for  in-band  signaling  and  supervision.  Further, 
as  presently  designed,  the  GMF  satellite  earth  terminals  are  not  compatible 
with  TRI-TAC  equipment,  thus  a  buffer  must  be  designed  and  produced  to 
permit  interoperation. 

5.1  GENERAL 

Likely  configurations  of  DCS-Tactical  Integrated  interoperation  are 
summarized  below  and  covered  in  detail  in  Paragraph  5.2. 

1 .  The  DCS  must  be  extended  by  tactical  equipment  to  provide  dedicated 
service  between  subscribers  or  to  reconstitute  existing  dedicated 
service  (or  vice  versa).  Service  could  be  clear  voice,  secure 
voice,  teletype,  data,  facsimile/graphics,  or  imagery.  A  point-to- 
point  or  multipoint  circuit  could  be  required.  Various  types  of 
DCS  and  tactical  transmission  media  might  be  used.  Figures  21 , 

22,  and  23  depict  three  generalized  configurations  of  this  situation. 
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Figure  21.  DCS  Extended  by  Tactical  Equipment  (One  Interface) 
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Figure  22.  DCS  Extended  by  Tactical  Equipment  (Two  Interfaces) 
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Figure  23.  Tactical  Extended  by  DCS 

2.  A  switch  of  a  DCS  switched  networked  (AUTOVON,  AUTODIN,  or 
AUTOSEVOCOM)  is  destroyed  and  must  be  reconstituted  by  a  tacti¬ 
cal  switch  such  as  the  TTC-39  or  possibly  the  ULS.  Service  could 
be  clear  voice,  secure  voice,  teletype,  data,  facsimile/graphics, 
or  imagery.  Various  types  of  DCS  and  tactical  equipment  could  be 
employed.  Figure  24  provides  an  overview  of  this  situation. 

3.  A  JMTSS-type  concept  must  be  implemented,  where  a  DCS  baseline 
system  has  been  partially  destroyed  and  must  be  reconstituted  by 
tactical  assets  (or  vice  versa).  Note  that  extension  or  expansion 
of  the  DCS  has  been  covered  by  the  examples  shown  in  Paragraphs 
4.1  and  5.1  (1  and  2).  In  these  situations,  we  are  dealing  primarily 
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Figure  24.  DCS  Switch  Replaced  by  Tactical  Switch 

with  the  functional  interoperation  of  DCS  and  tactical  equipments, 
where  the  transmission  media  can  be  a  mix  of  all  types.  Figure  25 
shows  a  configuration  where  a  DCS  microwave  repeater  site  has 
been  destroyed  and  is  reconstituted  by  tactical  microwave  equipment. 
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Figure  25.  Tactical  Microwave  Reconstituting  DCS  Microwave 

Note  that,  in  all  probability,  tactical  microwave  equipment  would 
be  required  at  the  destroyed  repeater  site  and  at  the  sites  on  either 
side  of  it,  because  there  is  little  probability  of  the  DCS  and  tactical 
microwave  interoperating  (Figure  26).  Of  course,  two  sets  of  DCS 
microwave  equipment  would  be  released  for  use  elsewhere  (assuming 
there  are  no  frequency  problems). 
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T  -  TACTICAL  EQUIPMENT 


Figure  26.  Tactical  Equipment  Positioning 
to  Replace  Destroyed  DCS  Site 

4.  Figure  27  shows  a  similar  situation,  except  that  tactical  TROPO 
has  been  used  to  reconstitute  a  destroyed  DCS  microwave  repeater 
site  (assuming  that  there  is  no  D&I  need  at  the  destroyed  repeater 
site).  The  advantage  here  is  the  savings  in  tactical  equipment 
needs,  but  this  is  probably  offset  by  the  limited  channel  capacity  of 
the  tactical  TROPO  equipment. 


DCS  MW  TACTICAL  TROPO  DCS  MW 


Figure  27.  Tactical  TROPO  Reconstituting  DCS  Microwave 

5.  Figure  28  again  shows  a  similar  situation,  except  that  GMF  tactical 
satellite  terminals  have  been  used  to  reconstitute  the  destroyed 
DCS  microwave  repeater  site.  Here,  tactical  equipment  is  saved, 
but  channel  limitations  probably  override  the  savings. 
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Figure  28.  Tactical  Satellite  Reconstituting  DCS  Microwave 

6.  Another  situation  is  that  where  a  DCS  TROPO  site  is  destroyed  and 
is  reconstituted  by  a  tactical  TROPO  or  a  GMF  tactical  satellite. 
Figure  29  depicts  this  configuration. 
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Figure  29.  Tactical  TROPO  or  Satellite  Reconstituting  DCS  TROPO 

7 .  There  are  many  other  situations  where  tactical  equipment  might  be 
required  to  reconstitute  DCS  networks.  Tactical  satellite  earth 
terminals  might  be  used  to  reconstitute  DSCS.  Tactical  equipment 
could  be  employed  to  reconstitute  DCS  systems  using  leased  trans¬ 
mission  service.  Of  course,  in  all  cases,  the  converse  is  true: 
DCS  assets  might  be  used  to  reconstitute  tactical  networks,  espe¬ 
cially  in  the  case  of  utilizing  DEB  contingency  assets. 


8.  In  some  cases,  the  situations  of  DCS- Tactical  Integrated  will  dupli¬ 
cate  those  of  DCS-Tactical  Access  described  in  Paragraph  4.  When 
this  occurs ,  reference  will  be  made  to  the  appropriate  paragraph 
instead  of  repeating  the  discussion. 

5.2  CONFIGURATIONS  OF  INTEROPERATION 

This  paragraph  will  address  the  various  configurations  of  interopera¬ 
tion  for  the  DCS-Tactical  Integrated  situation. 

5.2.1  DCS  Extended  by  Tactical  and  Vice  Versa 

The  first  generalized  configuration  is  that  described  by  Paragraph 
5.1(1).  Since  this  configuration  is  basically  the  same  as  that  covered  in 
Paragraphs  4.2.1  through  4.2.6,  it  will  not  be  repeated.  Additionally,  the 
interfaces  will  also  be  generally  the  same  as  those  that  will  be  addressed  in 
Paragraph  5.2.3. 

5.2.2  DCS  Switch  Reconstitution 

Use  of  tactical  switches  to  reconstitute  destroyed  DCS  AUTOVON, 
AUTODIN,  and  AUTOSEVOCOM  switches  represents  one  of  the  more  critical 
aspects  of  the  JMTSS.  Probably  the  only  existing  tactical  switch  with  any 
potential  utility  in  this  situation  is  the  Army's  TTC-38,  which  is  limited  to  use 
in  the  AUTOVON  subsystem.  Therefore,  the  TRI-TAC  TTC-39/TYC-39 
must  be  considered  the  prime  means  of  DCS  switch  reconstitution.  Use  of 
the  TTC-39/TYC-39  to  replace  destroyed  AUTOVON,  AUTODIN,  and  AUTO¬ 
SEVOCOM  FTC-31  switches  will  be  discussed.  The  general  configuration  is 
portrayed  in  Figure  30.  As  the  figure  shows,  trunks  and  access  lines  other 
than  local  to  the  TTC-39  are  carried  by  six  types  of  transmission  media:  DCS 
DRAMA,  DCS  FKV,  DCS  FDM/FM,  GMF  satellite,  tactical  FDM/FM,  and 
TRI-TAC. 

hi  each  case,  except  TRI-TAC,  the  multiplex  involved  (DRAMA,  such 
as  FCC-98;  FKV-HY-12;  GMF  satellite,  such  as  TD-660;  DCS  FDM,  such  as 
UCC-4;  and  tactical  FDM,  such  as  GCC-6)  provides  a  VF  level  output  which 
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Figure  30.  TTC-39  Acting  as  AUTOVON  Switch 


fits  into  the  TTC-39  scheme  for  the  AUTOVON  interface.  Interoperation  with 
TRI-TAC  DSVTs  and  DNVTs  would  be  accomplished  via  the  TDMX. 

5. 2. 2.1  AUTOVON  Switch  Reconstitution 


The  TTC-39  is  designed  to  act  as  an  AUTOVON  switch,  with  interface 
taking  place  via  the  SDMX  of  its  circuit  switch  at  a  nominal  4-kHz  VF.  Analog 
subscribers  would  be  homed  on  the  SDMX,  as  would  AUTOVON  interswitch 
trunking.  Tactical  digital  subscribers  homed  on  the  TDMX  could  access 
AUTOVON,  if  authorized,  through  the  interswitch  matrix  where  A/D/A  con¬ 
version  will  be  accomplished.  DSVTs  with  data  capability  will  be  inhibited 
by  the  TTC-39  from  placing  a  data  call  into  AUTOVON. 

5 . 2 . 2 . 1 . 1  A  UTOVON  Trunk  Signaling 

The  signaling  between  the  TTC-39,  when  operating  as  an  AUTOVON 
switch,  and  other  AUTOVON  switches  will  be  in  accordance  with  the  following 
description: 

The  normal  analog  signaling  to  an  AUTOVON  trunk  will 
be  single-frequency  (2600  Hz)  supervision,  will  be 
multifrequency  (MF  two  out  of  six)  in-band  confirmation 
or  nonconfirmation  signaling,  and  will  be  in  accordance 
with  DC  AC  370- VI 8  5- 7,  dated  October  1967.  On  out¬ 
going  calls  to  AUTOVON,  the  TTC-39  will  seize  a  trunk 
by  applying  the  appropriate  conditions  to  the  single- frequency 
unit  (refer  to  Chapter  8  of  DCAC  370-V185-7). 

In  the  confirmation  signaling  mode,  AUTOVON  will  respond  by  sending  a 
key  pulse  (KP)  signal.  Upon  receipt  of  the  KP  signal,  the  TTC-39  will  outpulse 
KP.  AUTOVON  will  respond  with  interdigit  (ID).  The  TTC-39  will  send  the 
precedence  digit,  and  AUTOVON  will  confirm  by  returning  the  precedence 
digit.  The  TTC-39  will  send  ID,  and  AUTOVON  will  confirm  with  ID.  This 
sequence  will  continue  through  all  the  prefix  and  address  digits  which  are 
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KP+P+R+NYX+XXXX.  Route  indication  digit  assignment  and  usage  will  be  in 
accordance  with  DCAC  370-V185-7,  Chapter  4,  Paragraph  4.  Upon  receipt 
of  the  address  digits  from  the  TTC-39,  the  AUTOVON  switch  forwards  the  end 
of  signaling  (ST)  digit  to  the  TTC-39  which  instructs  the  TTC-39  to  drop  its 
receiver /sender  units  after  confirmation  of  the  ST  digit.  The  TTC-39  responds 
with  an  ST  digit,  and  the  AUTOVON  switch  sends  interdigit  to  complete  the 
sequence.  (Refer  to  DCAC  370-V185-7,  Figure  8-6,  for  a  detailed  descrip¬ 
tion  of  sequence.)  The  TTC-39  takes  no  further  action  unless  a  busy,  pre¬ 
emption,  or  release  signal  is  initiated.  AUTOVON  will  complete  the  routing 
of  the  call.  The  release  cycle  with  AUTOVON  is  completed  by  applying  the 
correct  supervisory  tone  conditions  to  the  trunk  and  marking  the  trunk  idle. 

If  the  TTC-39  receives  the  KP  signal  during  the  sequence  of  transmitting 
the  address  signals,  it  will  reinitiate  the  signaling  sequence,  starting  with 
the  transmittal  of  KP.  If  the  TTC-39,  upon  seizing  an  AUTOVON  trunk, 
encounters  a  glare  condition,  it  will  drop  its  seizure  within  2  seconds  and 
attempt  to  seize  any  remaining  trunk  in  the  group  prior  to  proceeding  with  the 
normal  routing  cycle.  If  the  call  encounters  a  busy  condition,  either  line  or 
trunk  busy,  the  appropriate  signal  will  be  returned  to  the  TTC-39,  and  the 
connections  through  the  network  will  be  released.  If  a  line  busy  (LB)  signal 
is  received  at  the  TTC-39,  an  LB  indication  is  returned  to  the  calling  sub¬ 
scriber.  If  a  trunk  busy  (TB)  signal  is  received  at  the  TTC-39,  the  TTC-39 
would  attempt  to  complete  the  call  on  an  alternate  route.  If  no  alternate 
routes  are  available,  a  TB  indication  is  returned  to  the  calling  subscriber. 

In  routing  calls  to  AUTOVON  that  originate  and  are  completed  within 
the  local  AUTOVON  area  code,  the  TTC-39  will  not  be  required  to  transmit 
the  area  code.  In  this  case,  the  signaling  will  be  KP+P+R+NNX+XXXX+ST. 

On  incoming  calls,  the  roles  of  the  two  switches  defined  above  will  be  reversed. 
On  outgoing  calls,  the  TTC-39  will  be  capable  of  initiating  the  seize  cycle 
before  waiting  for  all  the  address  digits.  If  it  is  unable  to  seize  a  trunk,  it 
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will  return  the  appropriate  busy  indication  to  the  subscriber.  The  TTC-39 
will  recognize  the  preemption  signals  generated  by  AUTOVON  as  outlined  in 
DCAC  370-V185-7,  Chapter  8,  Figure  8-2,  and  will  generate  like  signals 
when  preempting  an  AUTOVON  trunk.  The  TTC-39  will  make  provisions  for 
accepting  and  generating  a  route  indication  of  the  form  R  or  RX,  where  R  is 
defined  in  DCAC  370-V185-7  and  X  is  any  digit  from  0  to  9.  The  X  will  not 
be  employed  until  specific  assignments  are  made. 

It  will  be  possible  to  program  any  trunk  group  for  MF  2/6  nonconfirma¬ 
tion  signaling.  In  this  situation,  the  signaling  sequence  will  start  with  a 
received  wink  start  signal  (140  to  240  milliseconds  in  duration).  If  the  wink 
start  signal  is  not  received  within  4  seconds  after  seizure  of  the  trunk,  a 
timeout  will  occur,  and  an  attempt  will  be  made  to  seize  another  trunk  in  the 
same  route  before  proceeding  with  the  normal  hunting  sequence.  The  switch 
wall  then  transmit  KP+P+R+NYX+XXXX+ST.  As  indicated  previously,  the 
NYX  code  is  not  required  on  calls  which  originate  and  are  completed  within  a 
local  AUTOVON  area.  The  KP  tones  will  be  present  for  100  +  15  milliseconds; 
the  digit  pulse  for  70+15  milliseconds;  and  the  ST  digit  pulse  for  70+15 
milliseconds.  The  ID  time  will  be  70  +  15  milliseconds.  The  receiver  will 
respond  to  a  KP  of  not  less  than  55  milliseconds  or  to  digits  of  not  less  than 
27  milliseconds.  The  frequencies  transmitted  must  be  accurate  within  +  1.5 
percent.  The  receiver  must  recognize  frequencies  of  +  1.5  percent,  +  10 
Hz  of  the  nominal.  The  transmitted  MF  2/6  signal  tone  power  will  be  -6  +  1 
dBmO  for  each  frequency,  with  a  maximum  difference  between  the  two  tones 
of  0. 5  dB. 

5. 2. 2. 1.2  TTC-39  Acting  as  AUTOVON  Switch 

When  the  TTC-39  is  used  in  a  strategic  network,  it  will  have  the  capa¬ 
bility  of  signaling  to/from  unattended  and  attended  PBXs.  Signaling  from 
PBXs  will  be  by  any  one  of  the  following: 


1.  Dial  pulse. 

2.  DTMF. 

3.  Dial  pulse  and  DTMF. 

4.  Multifrequency  (MF  2/6)  nonconfirmation. 

The  receive  start  signal  returned  to  the  PBX  to  indicate  that  outpulsing 
may  start  for  signaling  modes  (1)  through  (3)  may  be  either  a  dial  tone  or  a 
wink  start  signal.  For  MF  2/6  nonconfirmation,  the  start  signal  may  be  dial 
tone,  wink  signal,  or  KP  tone.  The  TTC-39  will  be  capable  of  signaling  to 
PBXs  in  any  one  of  the  following  signaling  modes: 

1.  Dial  pulse. 

2.  Local  terminating  (manual  operation). 

3.  MF  2/6  confirmation. 

In  the  dial  pulse  mode,  the  TTC-39  will  delete  the  R  digit  and  have  the 
capability  to  signal  in  the  PNID  and  INID  modes,  depending  on  the  class  mark 
associated  with  the  PBX  trunk.  In  the  local  terminating  mode,  the  TTC-39 
sends  single-frequency  2600- Hz  alerting  signals,  either  routing  or  precedence, 
in  accordance  with  DCAC  370-V175-6  System  Interface  Criteria,  Figures  5-3 
and  5-4.  The  start  send  signals  given  by  a  PBX  to  a  TTC-39  to  indicate  that 
the  PBX  is  ready  to  receive  the  required  digits  are: 

1.  No  signal  (timed  start). 

2.  Wink  start. 

3.  KP  tone  start  (used  only  with  MF  2/6  nonconfirmation). 

5. 2. 2. 1.3  Interface  Characteristics 

As  was  previously  noted,  interface  to  the  TTC-39  acting  as  an  AUTO  VON 
switch  will  be  at  the  VF  level,  which  is  inherent  in  the  design  of  the  switch. 
Thus,  the  features  of  the  interface,  in  all  cases,  are  as  given  in  Table  16. 
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Table  16.  Interface  Features  for  TTC-39  Acting  as  AUTOVON  Switch 


Functional  services: 

Clear  voice 

Signaling 

Supervision 

Precedence 

Preemption 

Ringing 

Technical  considerations: 

Bandwidth 

Frequency  response  (insertion  loss) 
Impedance  (input/output) 
Longitudinal  balance 
Envelope  delay  distortion 
Harmonic  distortion  (single) 

Inter  modulation  distortion  (total) 

Idle  channel  noise 

Impulse  noise 

Crosstalk 

Noise 

Signal  level 

Balanced  or  unbalanced 
Conditioning 


5. 2. 2. 2  AUTODIN  Switch  Reconstitution 

The  TYC-39  message  switch  is  designed  so  that  it  could,  in  effect, 
act  as  an  AUTODIN  switch.  It  provides  functions  and  services  related  to  the 
handling,  processing,  and  switching  of  messages  in  a  store  and  forward  mode 
of  operation.  It  provides  the  circuits  required  to  receive,  process,  route, 
and  transmit  teletype  and  data  traffic.  It  performs  the  various  bookkeeping 
and  administrative  functions  to  ensure  protection  and  security  of  message 
traffic  which  originates  (1)  at  users  connected  directly  to  the  message  switch, 
(2)  on  trunks  connected  to  other  message  switching  centers,  and  (3)  at  users 
or  message  switching  centers  connected  to  TTC-39  circuit  switching  centers. 
Figure  31  depicts  a  TYC-39  acting  as  AUTODIN  switch. 
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The  switch  can  terminate  either  25  or  50  lines  or  trunks.  The  switch 
will  provide  a  throughput  of  up  to  81  million  characters  per  day,  with  a 
1-second  peak  throughput  of  9,000  characters.  The  maximum  length  of  a 
single  message  is  44,000  characters.  The  terminals  which  interface  with  the 
switch  may  be  any  of  three  line  types  in  AUTODIN  Modes  I  through  V  using 
ITA  No.  2  (BAUDOT)  or  ITA  No.  5  (ASCII)  at  information  rates  up  to  16  kilo¬ 
bauds.  Message  formats  described  in  JANAP-128  or  ACP-127  must  be  used. 
The  terminals  can  include  all  types  of  teletypewriters;  paper  tape  readers; 
card  readers;  AUTODIN  DSTEs;  mobile  data  terminals;  weather  terminals; 
high-,  medium-,  and  low-speed  printers;  and  magnetic  tape  terminals.  A 
line  Type  IV  termination  with  information  rates  up  to  16  kilobauds  is  provided 
for  use  with  DA  configured  terminals. 

5. 2. 2. 2.1  Interface  Characteristics 

The  features  of  the  interface  of  the  TYC-39  acting  as  an  AUTODIN  switch 
are  given  in  Table  17. 


Table  17.  Interface  Features  for  TYC-39  Acting  as  AUTODIN  Switch 


Functional  services: 

Secure  data 

Signaling 

Supervision 

Precedence 

Timing 

Control 

Error  detection  and  retransmission 
Language  media  format 

Technical  considerations: 

Data  rate 
Serial  or  parallel 
Error  rate 

Transmitter  signal  level 
Transmitter  source  impedance 
Transmitter  waveshape 
Receiver  input  impedance 
Receiver  input  capacitance 
Receiver  sensitivity 
Clocking 


5. 2. 2. 3  AUTOSEVOCOM  Switch  Reconstitution 

The  TYC-39  is  not  designed  to  act  as  an  AUTOSEVOCOM  switch,  even 
though  it  was  being  considered  for  such  a  use.  It  is  designed  to  terminate 
WBSTs  and  NBSTs,  and  to  interoperate  with  AUTOSEVOCOM  through  AUTO  VON 
as  discussed  in  Paragraph  4. 2. 3. 3.  Thus,  it  would  appear  that  the  SDMX  of  the 
TTC-39  could  be  used  to  reconstitute  an  FTC-31.  However,  wideband  trunking 
would  not  be  possible.  The  discussion  in  Paragraph  4. 2. 3. 3  covers  the 
interoperation  of  the  TTC-39  with  AUTOSEVOCOM  and  will  not  be  repeated. 

The  configuration  would  be  as  shown  in  Figure  32.  The  features  of  the  inter¬ 
face  would  be  the  same  as  those  given  in  Table  10. 
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5.2.3  DCS  Reconstitution 

This  paragraph  addresses  reconstitution  of  the  DCS  by  using  tactical 
equipment  in  the  context  of  the  JMTSS.  Thus,  in  effect,  there  would  be  an 
integrated  system  composed  of  DCS  and  tactical  subsystems  /equipment. 
Reconstitution  of  DCS  switches  has  been  addressed  in  Paragraph  5.2.2  and 
will  not  be  further  discussed.  And  in  most  respects,  reconstitution  is  similar 
to  DCS  extension,  as  discussed  in  Paragraphs  5.2.1  and  4.2.  However,  recon¬ 
stitution  generally  requires  two  interface  sites  since,  in  many  cases,  the 
tactical  equipment  would  be  inserted  into  a  DCS  subsystem  or  vice  versa. 

A  previously  noted,  due  to  the  inherent  characteristics  of  older  tactical 
equipment,  interface  with  DCS  FKV  and  DRAMA  equipment  will  be  at  the  VF 
level.  There  will  be  only  a  brief  discussion  of  the  use  of  old  tactical  equipment 
for  reconstitution.  Since  the  time  frame  under  consideration  is  the  mid-1980's, 
the  discussions  will  center  on  FKV  equipment  being  reconstituted  by  TRI-TAC 
and  CM!  satellite  equipment.  Due  to  the  compatibility  of  the  DRAMA  and  FKV 
first-level  multiplexers  (FCC-98  and  HF-12  12A),  the  discussions  will 
generally  apply  to  DRAMA  equipment. 

5.2.3. 1  Multiplex  Commonality 

The  characteristics  of  the  DCS  and  tactical  multiplexers  that  generally 
represent  the  points  of  interface  are  described  below.  Some  possible  combina¬ 
tions  for  interface  will  be  shown,  but  feasibility  depends  on  the  outcome  of 
follow-on  detailed  investigations.  Such  problems  as  the  TRI-TAC  use  of  an 
overhead  channel  for  framing  and  signaling  versus  the  DCS  use  of  in-baud 
techniques  must  be  further  investigated.  Thus,  the  prime  consideration  in  the 
following  discussion  is  commonality  of  inputs/outputs  of  the  low-speed  side  of 
the  multiplexers.  Although  the  USM  is  shown  in  the  drawings  that  follow,  this 
mux  may  not  be  procured. 
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Figure  33  shows  those  DCS  multiplexers  on  the  left  and  tactical  multi¬ 
plexers  on  the  right  which  have  general  areas  of  commonality.  The  DCS  LSTDM, 
as  presently  specified,  has  a  variety  of  data  rate  inputs,  with  16/32  kbps  being 
common  with  TRI-TAC  and  the  GMF  satellite  terminal.  The  HY-12  provides 
24  VF  channels,  while  the  HY-12A  can  accommodate  the  I'eplacement  of  five 
VF  channels  by  data  channels.  The  FCC-98  provides  24  VF  channels,  or  12 
VP'  and  12  data  channels.  The  USM  provides  18  VF  channels,  of  which  a  limited 
number  can  be  replaced  by  16/32-kbps  digital  channels.  The  LCM  has  18  data 
channels  at  16/32  kbps.  However,  one  channel  is  used  for  overhead  (framing, 
signaling,  and  telemetry),  and  a  recent  change  precludes  accessing  two 
channels.  Thus,  only  15  channels  can  be  used  for  traffic.  The  TGM  accepts 
up  to  four  channels  at  128/256/512  kbps.  The  TD-660  provides  12  VP'  channels 
and,  when  connected  in  parallel  with  the  TD-1065,  can  provide  16/32-kbps 
data  channels.  I’igure  34  portrays  potential  DCS-tactical  .multiplexer  inter¬ 
operations  which  are  listed  tabularly  as  follows: 


VF 

IIY-12 . USM 

FCC-98 . USM 

FCC-98 . TD-660 

HY-12 . TD-660 

16/32  Kbps 

LSTDM . USM 

LSTDM . LGM 

LSTDM . TD-660/TD-1065 

IIY-12A . USM 

HY-12A . LGM 

IIY-12A . TD-660 /TD-1065 

128/256/512  kbps 
FCC-98 . TGM 
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256  Kbps 
NRZ 

SYNCHRONOUS 


DCS  MUXES 


TACTICAL  MUXES 


18  VF 

LIMITED  NO.  OF 
16/32  KBPS 
SYNCHRONOUS 
CONDITIONED 
DIPHASE 


NOTE  1 


256/512  KBPS 
SYNCHRONOUS 
CONDITIONED 
DIPHASE 


NOTE  1  USM  MAY  NOT  BE  PROCURED 


Figure  33.  DCS  and  Tactical  MUX  Commonality 
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Figure  34.  Potential  DCS  Tactical  MUX  Interoperation 
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Detailed  investigations  during  follow-on  work  will  determine  the  practi¬ 
cality  of  interoperation  of  the  DCS  and  tactical  multiplexers  as  shown. 

5 . 2 . 3 .  2  Reconstitution  Configurations 

Use  of  tactical  equipment  to  reconstitute  DCS  FKV  and  DRAMA  equipment 
will  be  discussed.  The  functional  services  across  the  interface  are  given  in 
Table  18  and  will  be  dictated  by  the  type  of  service  to  be  provided. 

Table  18.  Interface  Functional  Services 

Clear  voice 

Secure  voice 

Secure  data 

Secure  TTY 

Facsimile/graphics 

Imagery 

Signaling 

Supervision 

Precedence 

Preemption 

Ringing 

Power 

Timing 

Control 

Error  detection  and  retransmission 
Language  media  format 


Technical  considerations  of  a  VF  interface  are  given  in  Table  19. 
Table  19.  VF  Interface  Technical  Considerations 
Bandwidth 

Frequency  response 
Impedance 
Signal  level 
Noise  level 

Balanced  or  unbalanced 
Conditioning 


Technical  considerations  of  a  digital  interface  are  given  in  Table  20. 

Table  20.  Digital  Interface  Technical  Considerations 

Data  rate 
Serial  or  parallel 
Error  rate 

Transmitter  signal  level 
Transmitter  source  impedance 
Transmitter  waveshape 
Receiver  input  impedance 
Receiver  input  capacitance 
Receiver  sensitivity 
Clocking 

5. 2. 3. 2.1  FKV  Reconstitution 

The  first  situation  involves  the  need  to  reconstitute  an  FKV,  DEB  I,  or 
EWCS-SLIP  unmanned  repeater  site  with  no  drop  and  insert  requirements  by 
using  tactical  assets.  Figure  35  shows  the  links  configured  before  the  need  for 
reconstitution.  Several  different  types  of  tactical  equipment  will  be  examined 
for  use  in  reconstitution. 

5. 2. 3. 2. 1.1  Use  of  TRC-97A 

The  TRC-97A  LOS/TROPO  equipment,  although  not  new,  will  undoubtedly 
still  be  around  in  the  mid-1980's  and,  thus,  is  a  candidate  for  use,  even  though 
it  can  only  replace  24  of  the  192  VF  channels  in  an  FKV  subsystem.  The 
equipment  used  in  this  discussion  is  not  a  TRC-97A  that  has  been  modified  to 
a  digital  radio.  Figure  36  shows  the  reconstituted  link  using  the  TRC-97A 
operating  in  LOS.  The  TROPO  mode  from  Site  A  to  C  might  be  employed  if 
the  path  permits,  thus  saving  equipment.  However,  this  would  not  impact  the 
interoperation  problem  under  consideration,  except  that  digital  service  over 
TROPO  would  probably  suffer  because  of  phase  jitter. 

As  the  DCS  and  tactical  equipments  are  presently  configured,  interface 
is  possible  only  at  the  VF  level.  Figure  37  shows  the  interface  between  the 
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Figure  35.  Existing  FKV  System  and  Planned  EWCS  SLIP 


FlOW  SFCURlT 


Reconstituted 


INTERFACE 


VF 


600  ohms  BALANCED 
-20  TO  +7  dBm  ADJ 
IN-BAND  20  Hz-2600  Hz 


600  ohms  BALANCED 
0,  4,  —16  dBm 
IN-BAND  20  Hz 


GCC-6:  24  VF 


DATA 

A/D/A  CONVERSION 
REQUIRED  IF  TO 
BE  INTERFACED 
GCC-6  HAS  NO 
DIGITAL  CAPABILITY. 
QUASI-ANALOG 
TRANSMISSION  WOULD 
BE  NECESSARY 


Figure  37.  Technical  Interface  Characteristics 
of  HY-12/12A  and  GCC-6 
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i-i-v 


I 

|  HY-12  or  HY-12A  of  the  FKV  site  and  the  GCC-6  of  the  TRC-97A.  Note  that 

impendance  and  levels  are  compatible,  but  that  there  is  a  signaling  problem. 

|  The  HY-12/12A  uses  E&M,  and  the  GCC-6  uses  20/2600  Hz.  Therefore, 

there  is  a  problem  in  that  an  E&M  to  20/2600  Hz  converter  is  necessary  to 
|  accomplish  VF  interoperation.  However,  if  data  are  transmitted  over  the  five 

channels  in  the  HY-12A,  then  another  problem  exists.  D/A  conversion  must 
be  accomplished  in  order  for  the  TRC-97A  to  accept  the  circuits  as  well  as 
A/D  conversion  to  reenter  the  FKV  system.  Use  of  modems  for  the  conversion 
(at  both  interface  points)  is  a  possible  solution.  However,  the  data  transmission 
rates  go  to  128  kbps.  Thus,  the  TRC-97A  can  support  only  limited  data  traffic, 
with  severe  limitations  imposed  on  its  VF  capability. 
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Another  pioblem  is  security.  Note  in  Figure  36  that  the  KG-34's  will 
provide  transmission  flow  security  to  either  side  of  the  two  links  reconstituted 
by  the  TRC-97A's.  However,  there  is  no  transmission  flow  security  on  the 
two  TRC-97A  links.  This  may  not  be  a  problem,  since  those  circuits  requiring 
COMSEC  may  be  secured  on  an  end-to-end  basis  and  thus  are  secured  over  the 
TRC-97A  links.  The  absence  of  transmission  flow  security  might  be  an  accept¬ 
able  risk  under  stress  conditions. 

Interfacing  the  order  wire  poses  another  problem.  The  TRC-97A  has  a 

3- kHz  order  wire  with  1600- Hz  SF  signaling.  The  FRC-162  provides  a  0-  to 

4- kHz  channel  for  a  voice  order  wire,  and  a  4-  to  8-kHz  channel  for  transmitting 
alarm  data  from  unattended  sites.  Site  A  can  talk  to  Sites  B  and  C  over  the 
TRC-97A  order  wire,  and  this  should  prove  adequate  without  the  need  of  inter¬ 
facing  to  the  FRC-162.  However,  remote  alarm  data  cannot  be  passed  to  Sites 

A  and  C.  This,  plus  its  inherent  design,  probably  dictates  that  the  Site  B 
TRC-97A  be  manned. 

5. 2. 3, 2. 1.2  Use  of  GMF  Satellite  Terminal 

The  TSC-85  (also  TSC-93  and  -94)  are  still  in  development,  with  a  low 
rate  initial  procurement  underway  primarily  for  test  purposes.  This  equipment 
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does  provide  a  good  potential  for  reconstitution  of  a  DCS  subsystem.  It4 
inherent  flexibility  provides  choices  of  where  the  satellite  terminals  could  be 
placed,  thus  presenting  the  possibility  of  releasing  DCS  assets  for  use  in  other 
reconstitution  actions.  Figure  38  shows  the  reconstituted  FKV  link  using  the 
TSC-85  to  bypass  the  destroyed  site. 

Figure  39  shows  the  HY-12  or  HY-12A  interface  with  the  TD-660.  Only 
impedance  matching  and  an  E&M  to  1600- Hz  in-band  signaling  conversion  are 
required  to  accomplish  a  VF  interface.  Digital  interfacing  would  be  a  problem, 
because  of  the  differences  in  modulation  schemes  (NRZ  for  the  HY-12  or  12A 
versus  conditioned  diphase  for  the  TD-660).  A  possible  solution  is  to  use  a 
device  like  the  TRI-TAC  conditioned  diphase  group  modem  that  is  modified  for 
the  proper  data  rate.  Such  a  device  accepts  NRZ  on  one  side  and  conditioned 
diphase  on  the  other. 

Another  problem  would  be  the  order  wire.  The  FKV  radio  (FRC-162) 
provides  a  4-kHz  order  wire  and  a  4-kHz  telemetry  channel  for  fault  alarms 
and  controls.  The  TSC-85  provides  only  a  voice  order  wire.  However,  the 
sites  where  the  TSC-85's  would  be  located  would  probably  be  manned  and,  thus, 
point-to-point  order  wire  operations  would  probably  suffice.  Fault  alarm  data 
would  be  transmitted  to  controls  on  either  side  of  the  reconstituted  wire.  An 
alte  rnative  could  be  the  use  of  a  mission  channel  for  telemetry. 

5. 2. 3. 2. 1.3  Use  of  TRI-TAC  TRC-170 

The  TRI-TAC  TRC-170,  operating  in  either  an  LOS  or  a  TROPO  mode, 
could  be  used  to  reconstitute  a  destroyed  FKV-type  site.  Used  in  the  LOS 
mode,  the  TRC-170  would  provide  the  greatest  number  of  channels  and  release 
two  sets  of  FKV  equipment  for  use  elsewhere,  but  four  TRC-170's  would  be 
required.  In  the  TROPO  mode,  where  the  TRC-170  would  release  two  sets  of 
FKV  equipment  for  use  elsewhere,  only  two  TRC-170's  would  be  required, 
but  there  would  probably  be  a  reduced  channel  capacity,  depending  on  the 
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Figure  38.  FKV  System  with  Unmanned  FRC-162  Repeater 

Reconstituted  by  SHF  Tactical  GMF  Satellite  Terminals 
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Figure  39.  Technical  Interface  Characteristics  for 
HY-12/12A  and  TD-660/1065 


84 


distance  of  the  link.  Figure  40  depicts  the  TRC-170  operating  in  the  TROPO 
mode  and  reconstituting  a  destroyed  FKV-type  site.  Figure  41  shows  the  HY- 
12  or  12A  interfacing  the  TRI-TAC  LGM.  However,  the  LGM  has  no  VF 
capability,  the  HY-12  is  totally  voice,  and  the  HY-12A  has  only  five  possible 
data  channels.  Data  interface  on  this  limited  basis  does  not  appear  to  be  a 
great  problem. 

To  accomplish  a  VF  interface,  however,  a  TRI-TAC  AAU  would  be 
required  for  the  LGM. 

The  order  wire  interface  would  pose  problems,  since  the  FRC-162  provides 
a  4-kIIz  voice  order  wire  and  a  4-kHz  telemetry  channel.  TRI-TAC  equipment 
provides  a  16-kbps  digitized  voice  order  wire  and  four  2-kbps  data  channels 
for  telemetry.  Point-to-point  order  wire  operation  appears  satisfactory, 
assuming  that  TRC-170  sites  would  be  manned. 

5. 2. 3. 2. 2  DRAMA  Reconstitution 

Due  to  the  compatibility  between  FKV  and  DRAMA  equipment,  the  dis¬ 
cussion  in  this  paragraph  will  be  limited  to  those  situations  where  major 
differences  exist.  Note  that  the  prime  differences  between  the  HY-12/12A  and 


FCC-98  are  as  follows: 

HY-12/12A 

FCC-98 

Data  Channels 

5 

12 

Data  Rate  (kbps) 

16/32/48/56/64/128 

56/64/128/256/512 

5. 2. 3. 2. 2.1  Use  of  TRC-97A 

Use  of  the  TRC-97A  to  reconstitute  a  DRAMA  link  would  impose  the  same 
considerations  as  those  addressed  for  an  FKV  link  in  Paragraph  5. 2. 3. 2. 1.1. 
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Figure  ±0.  FKV  System  with  Unmanned  FRC-162  Repeater 
Reconstituted  by  TRI-TAC  TRC-170 


INTERFACE 


Figure  41.  Technical  Interface  Characteristics  for 
HY-12/12A  and  TRI-TAC  LGM 
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5.  2. 3. 2. 2.  2  Use  of  GMF  Satellite  Terminal 

Interfacing  the  FCC-98  with  the  TD-660  at  the  VF  level  would  be  the 
same  as  discussed  in  Paragraph  5. 2. 3. 2. 1. 2  for  FKV  equipment.  Since  the 
FCC-98  does  not  have  compatible  data  rates,  however,  an  LSTDM  would  be 
required  for  a  digital  interface  at  16/32  kbps.  This  interface  does  not  appear 
to  pose  any  significant  problems. 

5.  2.  3. 2.  2. 3  Use  of  TRI-TAC  TRC-1 70 

A  VF  interface  between  the  DCS  FCC-98  and  the  TRI-TAC  LGM  would 
require  a  AAU  on  the  tactical  side,  as  discussed  for  FKV  equipment.  An 
LSTDM  would  be  required  on  the  DCS  to  provide  compatible  data  rates  (16/32 
kbps)  to  interface  the  TRI-TAC  LGM.  Figure  42  depicts  this  situation.  While 
no  major  problems  are  anticipated,  detailed  investigations  will  determine  if 
such  is  true.  For  example,  the  TRI-TAC  use  of  an  overhead  channel  for 
framing  and  signaling  may  be  troublesome  and  must  be  looked  into. 


Figure  42.  FCC-98  LSTDM  Interfacing  LGM/USM 
5.2.3. 2.2. 4  DRAMA  Order  Wire 

The  DRAMA  equipment  uses  the  3-channel  version  of  the  FCC-98  for  a 
service  channel  MUX  that  normally  provides  two  voice  order  wires  and  a  data 
channel  for  fault  alarms  and  control.  Thus,  to  interface  order  wires  with  those 
of  the  tactical  equipments  previously  discussed  poses  problems.  One  of  the 
DRAMA  voice  order  wires  could  probably  be  Interfaced  with  the  TRC-97A  and 
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TSC-85,  provided  signaling  converters  and  other  minor  modifications  are  under¬ 
taken.  However,  the  TRC-170  interface  poses  different  problems  because  of 
data  rates.  Because  of  the  emergency  nature  of  reconstitution  situations,  point- 
to-point  order  wire  and  fault  alarm  and  control  would  temporarily  suffice.  This 
will  be  further  investigated  during  follow-on  work, 

5.  2. 3. 3  Interface  at  Higher  Data  Rates 

There  appears  to  be  the  potential  for  three  configurations  of  interfacing 
DCS  to  tactical  equipment  at  higher  rates.  The  LSTDM  output  of  256  kbps  might 
be  input  to  a  TRI-TAC  TGM.  Then  the  USM  output  of  256/512  kbps  could  possibly 
be  input  to  the  DCS  FCC-98.  In  both  these  cases,  however,  there  is  the  problem 
of  conditioned  diphase  versus  NRZ.  A  type  of  TRI-TAC  conditioned  diphase  group 
modem  might  be  used  to  resolve  this  problem. 

The  third  potential  connection  might  be  to  interface  the  FCC-98  to  the 
TRI-TAC  TGM  at  128/256/512  kbps,  such  as  shown  in  Block  I  of  Figure  34.  In 
general,  this  interface  appears  possible,  but  only  a  detailed  study  will  provide 
its  feasibility. 

The  problem  that  affects  all  these  higher  data  rate  interfaces  is  the  TRI-TAC 
use  of  an  overhead  channel  for  framing  and  signaling.  This  precludes  rearrange¬ 
ment  of  channels  in  the  TRI-TAC  MUX  hierarchy.  The  Impact  of  the  overhead 
channel  will  be  determined  during  the  subsequent  investigation  of  problems. 
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SECTION  6  -  CONC LUSIONS 


As  work  was  started  on  this  report  concerning  DCS  and  the  tactical  access 
area,  past  experiences  of  problems  of  interoperation  of  different  subsystems/ 
equipments  were  reviewed.  Such  experiences  were  primarily  for  the  analog 
world,  but  they  vividly  demonstrate  that  Interoperation  almost  always  poses 
such  problems  as  signaling,  matching  impedances,  matching  levels,  etc.  More 
recent  experiences  in  the  commercial  world  pertain  to  the  interoperation  of 
digital  and  analog  subsystems  and  the  transmission  of  data  over  these  inter¬ 
operating  subsystems.  Here,  the  problems  indicated  that  data  rates,  interfaces, 
etc. ,  had  been  adopted  by  various  vendors  and  carriers  without  due  consideration 
of  inte roper ational  needs. 

Much  the  same  is  true  of  the  DCS  versus  TRI-TAC  needs  for  interopera¬ 
tion.  The  DCS  adoption  of  the  North  American  standard  using  PCM  appears 
logical  and  in  keeping  with  the  needs  of  the  future.  The  same  is  true  of  the 
TRI-TAC  use  of  the  16/32-kbps  data  rate  and  CVSD.  Although  there  have  been 
efforts  to  determine  new  means  of  interoperation,  the  research  conducted  during 
the  preparation  of  this  report  can  only  emphasize  the  magnitude  of  the  problem, 
especially  in  a  JMTSS  environment. 

Interoperability  efforts  appear  to  have  been  concentrated  on  the  TRI-TAC 
switching  equipment  (principally  TTC-39)  and  the  CNCE  of  the  TCCF.  Various 
means  will  be  provided  in  these  equipments  for  interoperation  with  DCS,  commer¬ 
cial,  and  NATO  facilities.  However,  future  investigations  and  interoperability 
testing  will  determine  the  degree  of  satisfaction  of  such  needs.  The  capability 
of  transmission  systems  to  support  interoperability  appears  to  be  the  area 
requiring  the  most  detailed  examination  and  study. 

In  the  case  of  JMTSS  with  tactical  equipment  reconstituting  DCS  equipment 
or  vice  versa,  there  may  not  be  TTC-39s  or  CNCEs  available.  Thus,  tactical 
equipment  or  DCS  equipment,  as  the  case  may  be,  will  be  inserted  in  a 
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transmission  route  where  a  repeater  site  has  been  destroyed.  If  no  drop  and 
insert  is  required,  then  it  would  be  desirable  to  "through-group"  the  mission 
streams  at  the  highest  possible  level.  Preliminary  research  indicates  that  this 
is  not  possible  and  that  multiplexers  must  be  provided  to  break  out  channels  for 
interfacing.  Again,  future  work  will  determine  the  extent  of  this  problem. 

System  control  of  an  integrated  DCS-tactical  system  poses  further  prob¬ 
lems.  While  point-to-point  order  wire  and  fault  alarm  and  control  can  suffice 
temporarily,  an  interoperating  system  over  the  longer  term  requires  interoper¬ 
ating  system  control.  This  does  not  appear  practical  in  the  time  frame  under 
consideration.  Of  course,  the  problem  is  further  compounded,  because  the 
GMF  satellite  terminals  have  only  a  voice  order  wire. 

Note  that  interoperation  with  the  Navy  has  not  been  addressed  in  this  pre¬ 
liminary  report,  mainly  because  the  Navy  states  that  all  interoperation  will  be 
through  a  NAVCAMS  or  a  NAVCOMSTA  which  will  be  configured  with  necessary 
devices  to  accomplish  interoperation  (automatic,  semiautomatic,  or  manual). 
This  same  policy  is  stated  by  the  Marine  Corps.  However,  the  GMF  satellite, 
which  will  be  used  by  the  Marine  Corps  as  well  as  by  the  Army  and  the  Air 
Force,  has  been  addressed. 
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AAU 

Analog  Applique  Unit  (for  A/D/A  conversion) 

A/D 

Analog  to  digital 

A/D/A 

Analog  to  digital  to  analog  conversion 

AUTODIN 

DCS  Automatic  Digital  Network 

AUTOVON 

DCS  Automatic  Voice  Network 

AUTOSEVOCUM 

DCS  Automatic  Secure  Voice  Communications 

CNCE 

TRI-TAC  Communications  Nodal  Control  Element 
(part  of  the  TCCF) 

COMSEC 

Communication  security 

CONUS 

Continental  United  States 

CRF 

Channel  reassignment  function 

CVSD 

Continuously  variable  slope  delta  modulation 

DA 

TRI-TAC  data  adapter 

D/A 

Digital  to  analog 

DC  A 

Defense  Communications  Agency 

DC  AC 

Defense  Communications  Agency  circular 

DCS 

Defense  Communications  System 

DCS  II 

Defense  Communications  System  in  the  mid-1980's 

DEB 

Digital  European  backbone  (being  implemented  in  four 
phases) 

DGM 

TRI-TAC  digital  group  multiplex  (a  family  of  time 
division  multiplexers) 

D&I 

Drop  and  insert  channels 

DLED 

TRI-TAC  dedicated  loop  encryption  device 

DNVT 

TRI-TAC  digital  nonsecure  voice  terminal 

DRAMA 

DCS  digital  radio  and  multiplex  acquisition 
(FRC-163,  FCC-98,  FCC-99) 

DSCS 

Defense  Satellite  Communications  System 

DSSCS 

Defense  Special  Security  Communications  System 

DSVT 

TRI-TAC  digital  subscriber  voice  terminal 

D6TE 

DCS  AUTODIN  digital  subscriber  terminal  equipment 

DTE 

Digital  terminal  equipment 

DTMF 

FASR 

FAX 

FDM/FM 

FKV 

GMF 

ID 

IN  ID 

JCS 

JMTSS 

KP 

LGM 

LOS 

LSTDM 

MCB 

MDT 

MF 

MGM 

MUX 

NATO 

NAVCAMS 

NAVCOMSTA 

NBST 

NRZ 

OP  LAN 

OSD 

PARKHILL 

PBX 


Dual-tone  multifrequency  signaling 
Fault  alarm  status  reporting 
Facsimile 

Frequency  division  multiplex/frequency  modulation 

DCS  Frankfurt-Koenigstuhl-Vaihingen  TDM 
communications  system  installed  in  1975  using 
FRC-162,  CY-104,  FCC-97,  and  T1WB1 

Ground  mobile  forces 

Interdigit 

Intercept  network  inward  dialing 
Joint  Chiefs  of  Staff 

Joint  multichannel  trunking  and  switching  system 
Key  pulse 

TRI-TAC  loop  group  multiplexer  (first  level  MUX) 
Line  of  sight 

DCS  low-speed  time  division  multiplexer  (sublevel 
multiplexer) 

Message  control  block 

Mobile  data  terminal 

Multiple  frequency  signaling 

Master  group  multiplexer 

Multiplex(er) 

North  Atlantic  Treaty  Organization 

Naval  Communications  Area  Master  Station 

Naval  Communications  Station 

DCS  AUTOSEVOCOM  narrowband  secure  terminal 

Nonreturn  to  zero 

Operational  plan 

Office  of  Secretary  of  Defense 

Narrowband  encryption  device 

Private  Branch  Exchange 
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PCM 

PDP 

PNID 

RF 

RI 

SATCOM 

SDMX 

SF 

S&F 

SRWBR 

SVD 

TCCF 

TDF 

TDM 

TDMA 

TDMX 

TED 

TENLEY 

TGM 

TRI-TAC 

TROPO 

TTY 

ULS 

USM 

VF 

WBST 


Pulse  code  modulation 

DCS  Pacific  digitization  program 

Precedence  network  inward  dialing 

Radio  frequency 

Routing  indicator 

Satellite  communications 

TRI-TAC  AN/TTC-39  circuit  switch  space  division 
matrix 

Single-frequency  signaling 
Store  and  forward 

TRI-TAC  short-range  wideband  radio 
Subscriber 

TRI-TAC  tactical  communications  control  facilities 

Tactical  digital  facsimile 

Time  division  multiplex 

Time  division  multiple  access 

TRI-TAC  AN/TTC-39  circuit  switch  time  division 
matrix 

Trunk  encryption  device 
TRI-TAC  encryption  device 

TRI-TAC  trunk  group  multiplexer  (second  level  MUX) 
Joint  Tactical  Communications  Office 
Tropospheric  scatter  radio 
Teletype 

TRI-TAC  unit  level  switch  (TTC-42  and  SB-3865) 

TRI-TAC  universal  synchronous  multiplexer  (sublevel 
MUX) 

yoice  frequency 

DCS  AUTOSEVOCOM  wideband  secure  terminal  (KY-3) 
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1  March  1976  including  Amendment  2,  16  July  1976. 
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